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REPORT  COMPOSITION 


The  survey  report  is  divided  into  a Surma ry , and  9 Appendices.  A 
charge  for  each  appendix  and  summary  report  to  cover  the  cost  of  printing 
will  be  required,  should  purchase  be  desired.  Hie  appendices  each  con- 
tain a different  category  of  information.  /Alphabetically  identified, 
the  appendices  are: 

A.  Background  Information  - This  appendix  includes  the  population 
and  industrial  projections,  wastewater  flows  and  the  engineering  data 
used  as  a basis  for  planning. 

B.  Basis  of  Design  and  Cost  - This  appendix  contains  the  criteria  and 
rationale  used  to  design  and  cost  the  final  alternative  wastewater  treat- 
ment system  components. 

C.  Plan  Formulation  - The  appendix  presents  the  planning  concepts 
and  procedures  used  in  developing  the  alternative  wastewater  management 
plans  that  were  examined  during  the  study. 

D.  Description  and  Cost  of  Alternatives  - This  appendix  contains  a 
cost  description  and  construction  phasing  analysis  for  each  of  the  final 
five  regional  wastewater  management  alternatives.  Components  of  these 
alternatives  are  described  in  detail  in  Appendix  B. 

E.  Social  - Environmental  Evaluation  - This  report  provides  an 
assessment  of  the  social  and  environmental  impacts  likely  to  arise 
from  the  implementation  of  the  final  five  alternatives. 

F.  Institutional  Considerations  - This  report  presents  an  assessment 
of  the  institutional  impacts  likely  to  arise  from  implementation  of  the 
final  five  alternatives. 

G.  Valuation  - This  appendix  presents  a broad  evaluation  of  the 
implications  and  use  potential  inherent  in  the  final  five  alternatives. 

H.  Public  Involvement/Participation  Program  - This  appendix  documents 
the  program  used  to  involve  the  public  in  the  planning  process. 

I.  Comments  - This  appendix  contains  all  of  the  formal  comments  from 
local,  State  and  Federal  entities  as  the  result  of  their  review  of  the 
other  appendices  and  the  Summary’  Report.  Also  capsulized  are  the  views 

of  citizens  presented  at  public  meetings. 

The  Summary  document  presents  an  overview  of  the  entire  study. 


INTRODUCTION  TO  APPENDIX  E 


SOCIAL-ENVIRONIENTAL  EVALUATION 

The  following  introduction  to  Appendix  E has  been  prepared  by  the 
Chicago  District  in  order  to  explain  what  this  appendix  accomplishes 
and  how  it  fits  into  the  entire  study’  report. 

SOCIAL- ENVI RONMENTAL  APPENDIX  - ONE  OF  THREE  EVALUATION  APPENDICES 


Appendix  E is  one  of  three  appendices  in  the  C-SELM  study  report 
dealing  with  the  evaluation  of  wastewater  management  alternatives.  This 
appendix  was  written  for  the  Chicago  District  by  two  groups  of 
academicians  who  live  and  work  within  the  study  area.  The  social- 
environmental  evaluation  team  was  selected  with  two  basic  thoughts  in 
mind,  (1)  to  have  a fair  representation  of  viewpoints  from  both  Illinois 
(group  of  professors  at  Northwestern  University’)  and  Indiana  (Northwest 
Indiana  Comp rehens ive  Health  Planning  Council),  and  (2)  to  benefit  from 
the  ideas  of  professionals  from  various  academic  disciplines  (for  listing 
see  credit  page  in  Appendix  Preface). 


DEFINITION  OF  THE  THREE-PART  EVALUATION 

' ■/^•Appendix  E discusses  only  the  social  and  environmental  implications  of 
the  regional  wastewater  management  systems,  Appendix  F describes  the  inpacts 
of  each  alternative  system  on  existing  institutional  arrangements  in  the 
area,  and  Appendix  G evaluates  the  alternatives  with  respect  to  the 
implications  from  a local,  regional  and  national  standpoint. -'Appendix 
E and  F were  prepared  by  Contractors  for  the  Chicago  District,  whereas 
Appendix  G was  prepared  by  District  personnel.  These  three  appendices 
address  the  final  array  of  iv^y Wastewater  management  alternatives  developed 
in  this  planning  study.  Each  alternative  is  unique  to  itself  and  represents 
many  advantages  and  disadvantages  depending  on  the  viewpoint  of  the  observer. 
Alternative  I is  a reference  base  reflecting  a consolidation  of  local 
planning  concepts  and  is  designed  to  meet  existing  water  quality  standards 
established  by  Illinois  and  Indiana.  The  remaining  four,  "alternatives 
(II  thru  V)  - employ’  three, ‘distinctly  different  treatment  technologies  to 
achieve  water  quality  levels  in  keeping  with  the  National  goal  of 
eliminating  pollutant  discharges  into  navigable  waters  by  1985  expressed 
in  PL  92-500.  v 


Appendix  E evaluations  were  acconplished  by  using  Alternative  I 
as  a reference  base  and  subjectively  assessing  the  effects  of  the  four 
other  alternatives  relative  to  it.  The  inpacts  (effects)  identified  in 
this  appendix  are  based  on  social  and  environmental  conditions  different 
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than  what  we  knew  exist  in  1973.  In  other  words,  with  all  five  alternatives 
projected  to  2020  conditions,  the  evaluators  analyzed  the  four  No  Discharge 
of  Critical  Pollutants  (NDCP)  alternatives  in  reference  to  social  and 
environmental  conditions  which  would  be  expected  if  the  alternative 
meeting  existing  effluent  discharge  standards  was  in  full  operation.  This 
usage  of  a projected  reference  base  has  a very  real  purpose;  the  study 
area  will  be  very  different  in  1990  and  2020  than  it  is  in  1973.  Rather 
than  attempt  to  define  what  those  social -environmental  conditions  would 
be  like  if  the  reference  system  was  in  existence  for  50  years,  the  evaluators 
emphasized  the  differences  in  inpacts  that  may  be  expected  if  each  NDCP 
alternative  replaced  the  reference  system.  These  differences  were  most 
obvious  in  terms  of  the  treatment  process,  number  of  treatment  facilities, 
and  sludge  management  scheme  unique  to  each  alternative  system.  Since 
the  impacts  were  often  easier  to  define  on  a functional  component  basis,  the 
analysis  was  structured  to  point  out  the  strengths  and  weaknesses  of 
individual  parts  of  the  alternatives.  By  analyzing  alternatives  on  this 
segmented  basis,  beneficial  attributes  were  identified  and  detrimental 
aspects  were  highlighted  as  redesign  considerations,  or  as  unavoidable 
negative  characteristics.  The  Chicago  District  responded  to  some  of  the 
evaluators  redesign  suggestions  by  developing  the  land  treatment  prototype 
discussion  in  the  Annex  to  Appendix  B. 

-Appendix  F provides  an  estimation  of  the  institutional  (i.e. 
governmental  entities)  impacts  of  the  C-SELM  alternatives  and  highlights 
what  these  impacts  would  mean  to  present  institutional  arrangements 
for  wastewater  management.  The  report  compares  alternatives  to  identify 
differences  in  inpacts  expected  with  each.  It  serves  as  a good  base 
of  information  should  any  of  the  alternatives  be  implemented  on  the 
proposed  regional  base. 

Appendix  G is  a summary  valuation  discussing  the  implication  of  each 
alternative  system  ranging  from  resource  consumption,  need  satisfaction, 
social -environmental  and  institutional  inpacts,  and  economic  costs. 

Because  the  inpacts  extend  beyond  the  C-SELM  study  area,  the  implications 
on  the  outlying  area  of  influence,  the  two  States,  the  region  and  the 
nation  were  also  discussed.  /Appendix  G contains  the  disaggregated  effect 
assessments . 

INFORMATION  UPON  WHICH  EVALUATION  JUDCI'ENTS  WERE  BASED 
Introduction 


Appendix  E relies  on  other  appendices  for  supportive  documentation. 
Ingineering  specifications,  (i.e.,  those  identifying  the  physical 
requirements  and  outputs  of  each  alternative),  are  of  particular  inportance 
for  the  social-environmental  effect  assessments. 


Appendix  A provides  background  data  on  existing  social,  environmental 
and  economic  characteristics  of  the  C-SELM  study  area.  Appendices 
B and  D contain  relevant  information  on  each  alternative's  design, 
cost,  construction  and  operation  characteristics.  These  three  appendices 
have  been  significant  information  sources  for  the  preparation  of  all 
other  appendices  to  the  summary  report.  The  following  information 
(summarized  here  briefly)  was  provided  to  the  social -environmental 
evaluation  team  members . 


Alternative  Descriptions 


Alternative  I,  entitled  the  reference  plan,  is  designed  to  meet 
current  stream  quality  standards  as  identified  by  the  States  of  Indiana 
and  Illinois.  The  five  treatment  criteria  designed  to  meet  these 
standards  are: 


Performance 

BOD- 20mg/ 1 SS-25mg/l 
BOD- 10mg/l  SS-12mg/l 
BOD- 4 mg/1  SS-  5mg/l 
BOD- 4 mg/1  SS-  5mg/l 
NH3-N-  2.5mg/l 
BOD-20mg/l  SS- 25mg/l 
P-801  Removal 


Criteria 

Illinois  Dilution  Waters>5:l 
Illinois  Dilution  Waters'll :1 
Illinois  Dilution  Waters<l:l 
Illinois  Portion  of  Chicago  § 
Calumet  River  Systems 
Indiana  Flows  to  Lake  Michigan 


The  technologies  to  achieve  these  criteria  include  conventional  secondary 
treatment  of  wastewater  and  add-on  advanced  treatment  components,  such 
as:  mixed-media  filtration,  for  further  biochemical  oxygen  demand  (BOD) 

reduction  and  suspended  solids  (SS)  removals;  biological  nitrification 
units  for  ammonia  removals;  and  chemical  precipitation,  for  phosphorus 
removal.  Hie  64  plant  system  depicted  in  Graphic  Alternative  I,  is  designed 
to  meet  wastewater  regional  plans  of  the  C-SElM's  area  planning  agencies. 

Alternative  II  utilizes  the  physical-chemical  (PC)  treatment 
technology'  to  conform  to  the  no  discharge  of  critical  pollutants  (NDCP) 
water  quality  standard.  As  shown  in  Graphic  Alternative  II,  this  is  a 
33  plant  scheme. 

For  Alternative  III,  the  advanced  biological  treatment  technology  is 
specified  to  meet  the  NDCP  goal.  As  depicted  in  Graphic  Alternative  III, 
this  is  a 17  plant  system  which  incorporates  the  larger  secondary  facilities 
existing  in  the  C-SELM  study  area. 
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Alternative  IV  utilizes  the  land  treatment  technology  for  the 
attainment  of  the  NDCP  standard.  As  shown  in  Graphic  Alternative  IV 
this  plan  consists  of  5 major  land  sites  located  outside  the  C-SELM 
study  area.  This  alternative  underwent  two  basic  management  concept 
alterations  during  the  study,  (1)  the  only  land  purchased  are  areas 
where  lagoons  or  sludge  disposal  facilities  are  to  be  located,  the 
remaining  irrigation  lands  to  be  leased  from  local  farmers  thru  the  use 
of  initial  and  annual  cash  payments,  and  (2)  the  irrigation  system  is 
designed  in  such  a way  as  to  blend  into  the  existing  land  use,  thereby 
causing  minimal  disruptions  in  the  rural  area. 

Alternative  V is  an  advanced  biological-land  treatment  technology 
combination  plan.  Graphic  Alternative  V thus  shows  the  5 major  advanced 
biological  treatment  facilities  of  Alternative  III  together  with  5 smaller 
land  treatment  sites  servicing  the  remaining  C-SELM  area. 

Tabular  Information 

In  addition  to  the  preceding  alternative  descriptions  the  evaluators 
were  furnished  "hard"  scientific  data.  This  data  was  usually  presented 
in  tabular  form.  Since  most,  if  not  all,  of  this  information  is  displayed 
in  Appendix  A,  .Appendix  B,  or  Appendix  G,  only  the  titles  of  the  tables 
will  be  listed  here.  The  tabular  information  included:  Summary  Cost 

Tables,  Distribution  of  Labor  (i.e.  labor  requirements  for  operation), 
Electricity  Requirements,  Air  Impact  (i.e.,  pollutant  emissions), 

Resource  Inpact  (i.e.  resources  consumed).  Utility  Impact,  Measure  of 
Disruption  (i.e.  dependent  on  length  of  conveyance  systems),  Land  Impact 
(i.e.,  areal  requirements).  People  Impact  (i.e.,  nunfcer  of  people  displaced), 
Measure  of  complexity  (i.e.,  number  of  functioning  units),  C-SELM 
Abandoned  Plants  (i.e.,  caused  by  consolidation).  Water  Reuse  (i.e.  water 
balance),  Stream  Depths  (i.e.,  projected  stream  flows),  Flood  Plain  Relief 
(i.e.  acreage  protected),  Sludge  Management  Graphics,  Characteristics  of 
Waste  Sludges  and  Land  Application  Rates,  Power  Station  Cooling  and 
Pumped  Storage  Costs  (i.e.,  power  synergisms-lznd  treatment),  Rural 
Storm  Water  (description  only),  and  an  Implementation  Outline  (i.e., 
schedule).  The  evaluators  were  expected  to  leview  and  understand  all 
of  this  information  prior  to  performing  any  alternative  analysis. 

BASIS  OF  EVALUATION 

Framework 


The  social-environmental  impact  assessments  are  organized  to  present 
a summary  overview  of  inpacts  expected  with  each  alternative  to  the  C-SELM 
region  as  a whole.  Therefore,  unfavorable  impacts  in  one  segment  of  the 
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region  may  be  counterbalanced  by  favorable  impacts  in  other  segments 
of  the  region.  The  evaluation  team  was  specifically  requested  by  the 
Chicago  District  to  evaluate  the  alternatives  on  a broad  community- wide 
basis  because  of  the  value  of  a regional  perspective.  'Die  C-SELM 
region  includes  not  only  the  areas  immediately  around  Lake  Michigan  but 
also  areas  where  treatment,  or  wastewater  conveyance  facilities  are 
located,  such  as  land  areas  used  for  spray  irrigation  or  sludge  disposal. 
Map  1 is  provided  to  graphically  depict  the  twelve  counties  adjacent  to 
tiie  study  area  which  are  influenced  by  the  C-SELM  alternatives. 

It  was  recognized  that  one  of  the  major  factors  in  the  final 
decision-making  process  will  be  the  extent  to  which  the  area's  treatment 
system  will  be  consolidated  or  regionalized.  Accordingly  attention  was 
focused  on,the  system  components  and  the  causal  effects  associated 
with  tiie  function  and  the  alternative's  degree  of  regionalization. 

Impacts  specific  to  a site  and  surrounding  locality  should,  of  necessity, 
be  evaluated  once  a wastewater  management  program  is  adopted  for  the 
study  area.  At  that  time  an  effect  assessment  and  environmental  impact 
statement  must  be  prepared  before  any  phase  of  the  plan  of  improvement 
is  implemented. 

Size  and  Complexity  of  C-SELM  Area 

The  C-SELM  area  includes  2,600  square  miles  around  the  southern  end 
of  Lake  Michigan.  The  C-SELM  alternatives  exert  effects  on  the  twelve 
other  counties  adjacent  to  the  immediate  study  area  (Map  1).  .Approximately 
7.1  million  people  now  live  in  the  C-SELM  area  with  a projected  increase 
to  11  million  in  2020.  Hence,  the  most  critical  aspect  of  the  area's 
size  and  coirplexity  is  the  fact  that  man  and  his  development  will  change 
tire  area  regardless  of  whether  a C-SELM  alternative  is  implemented  or  not. 

Difficulty  in  Long-Range  Forecast  of  Impacts 

.Any  individual  has  problems  in  trying  to  envision  what  social  and 
environmental  conditions  will  be  like  in  the  year  2020.  To  avoid  the 
complexity  of  long-range  forecasts,  the  evaluation  teams  were  asked 
what  effect  each  wastewater  management  system  would  have  on  an  already 
changing  environment.  This  automatically  precluded  a comparison  of 
alternatives  to  an  undefinable  future  condition  (2020)  and  underscored 
the  importance  of  subjectively  defining  the  effects  attributable  to  each 
system  component.  Thus  the  use  of  a reference  alternative  becomes  even 
more  logical  when  a 50-year  forecast  is  part  of  the  evaluation. 

The  Impact  Process 


Appendix  F.  is  based  on  an  analysis  of  the  processes  by  which 
alternative  wastewater  management  systems  would  affect  the  environment 


system  conponents.  For  example,  treatment  plants  may  he  smaller  in  site 
in  one  alternative  than  in  another,  and  therefore  create  less  displacement 
of  people  when  they  are  constructed  in  the  same  locations.  This 
identification  of  inpact  would  probably  be  considered  insignificant  if 
it  had  been  lumped  together  with  the  rest  of  the  system  evaluation.  It 
also  enables  the  designer  of  the  wastewater  management  system  to  verify 
that  one  aspect  of  one  system  is  considered  better  socially  and 
environmentally  than  another  system.  Analyses  of  social -environmental 
considerations  on  a system  component  basis  has  aided  the  Chicago  District 
in  (1)  redesigning  specific  system  components,  and  (2)  screening  larger 
numbers  of  alternative  systems  to  fewer. 

Matrices  are  used  in  this  appendix  as  an  element  of  the  overall 
social -environmental  evaluation  of  wastewater  management  systems.  The 
matrix  cannot  perform  effectively  as  a method  of  impact  assessment 
unless  it  is  supported  by  verbal  and  graphic  displays  explaining  what  is 
meant  by  using  symbols  such  as  negative  (-)  or  positive  (+)  numbers  to 
describe  impacts.  The  fact  that  the  matrix  method  of  analysis  was  used  as 
a tool  to  bring  out  the  comments  appearing  in  Section  5 should  not  be 
ignored.  The  matrix  has  enabled  the  evaluator  to  give  a consolidated 
group  opinion  on  the  impact  of  a particular  system  element  by  placing  a 
(+)  or  a (-),  (connoting  whether  the  inpact  is  considered  beneficial  or 
detrimental),  and  a value  from  1 to  3,  (connoting  degree  of  inpact,  from 
extremely  positive  to  extremely  negative) . The  group  opinion  is  not 
displayed  in  a matrix  and  left  unexplained;  hence,  the  importance  of 
Section  5.  Supportive  sections  discuss  the  matrix  method  of  analysis 
and  what  matrices  can  and  cannot  do.  Che  particular  attribute  of  the 
matrix  method  of  analysis  is  that  it  can  be  utilized  by  multidisciplinary 
evaluation  teams  to  identify  both  an  individual  and  consolidated 
group  viewpoint. 

HOW  MATRICES  ARE  USED  IN  THIS  APPENDIX 
Group  Interaction- -.An  Educational  Process 

1.  Prior  to  Analysis  of  Alternatives.  Written  engineering  specifi- 
cations for  the  five  C-SELM  alternatives  were  provided  the  evaluation 
team  members  one  week  prior  to  a scheduled  group  meeting.  Each  evaluator 
reviewed  the  information  with  particular  attention  given  to  identifying 
that  data  requiring  clarification.  Due  to  both  the  complexity  of  the 
information  and  the  diversity  of  academic  disciplines  represented  by 

the  evaluation  team,  many  questions  were  brought  out. 

2.  Group  Meeting- -Educational  Interaction.  The  group  meeting  was 
held  for  three  basic  reasons”  (1)  to  insure  that  each  evaluator  understood 
the  technical  details  of  the  alternatives,  (2)  to  promote  group  discussions, 
and  (3)  to  resolve  misconceptions. 
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The  evaluators  were  instructed  by  the  Giicago  District  to  not 
question  the  validity  of  the  supplied  engineering  information;  a competent 
professional  engineering  firm  was  responsible  for  that  information.  The 
social -environmental  implications  of  the  C-SELM  alternatives  were  the 
only  concerns  of  the  evaluation  panel.  Therefore,  questions  were  oriented 
toward  understanding  the  alternatives  better.  The  Chicago  District  was 
represented  at  the  meeting  to  clarify  the  design  aspects  of  the 
alternatives . 

Group  discussions  about  various  alternatives  promoted  the  education 
of  each  evaluator.  Each  individual  on  the  evaluation  panel  had  his  own 
expertise,  knowledge,  and  experience.  These  discussions,  by  sharing 
individual  opinions,  aided  the  evaluators  in  their  analysis  of  the 
complex  wastewater  management  alternatives.  For  example,  the  environmental 
engineer  listened  to  the  sociologist's  viewpoints  regarding  the  social 
implications  of  engineering  designs.  The  environmental  engineer  was 
then  better  qualified  to  express  a subjective  opinion  on  social  effects. 
Therefore,  the  fact  that  the  environmental  engineer  was  given  equal  weight 
in  the  numerical  analysis  of  environmental  and  subsequently  social  effects 
was  acceptable  because  of  group  participation.  Individual  viewpoints 
were  not  lost,  since  narrative  comments  were  considered  necessary  to 
support  the  matrix  analysis. 

3.  Debriefing  Session- -After  Analyzing  Alternatives . The  evaluators 
met  to  discuss  the  results  of  the  matrix  analysis  of  alternatives  after 
the  individual  numerical  judgments  were  averaged  by  computer.  Since 
these  average  matrix  figures  were  representative  of  group  subjective 
opinion,  each  evaluator  was  concerned  that  the  analysis  was  logical  and 
satisfactory.  It  was  the  subjective  opinion  of  the  evaluation  panel 
that  the  average  numerical  estimates  of  social-environmental  effects 
were  both  meaningful  and  satisfactory  displays  of  group  judgments. 
Individual  opinions  were  not  lost,  due  to  the  narrative  comments  portion 
of  the  analysis  - which  was  extremely  inportant  to  each  evaluator. 

Method  of  Consolidating  Various  Opinions 

Since  the  evaluation  team  is  composed  of  many  different  disciplines, 
each  evaluator  usually  looks  at  a system  differently.  For  exanple: 
a sociologist  may  view  the  land  treatment  alternatives  extremely  beneficial 
overall  because  they  remove  a potentially  negative  impact  impetus  (i.e.  the 
treatment  plant)  from  a densely  populated  urban  environment  to  a sparsely 
populated  rural  area;  an  ecologist  may  viav  land  treatment  detrimental 
overall  because  of  its  potential  for  disruption  to  existing  drainage 
patterns.  The  sociologist  is  asked  how  significant  is  the  potential 
disruption  to  drainage  patterns,  and  he  may  indicate  that  it  has  very 
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little  significance  and  the  system  is  beneficial  overall.  When  asked  for 
his  opinion,  the  ecologist  may  place  little  significance  on  the  sociological 
value  of  removing  treatment  plants  from  the  urban  area.  Hence,  a 
tradeoff  (agreement)  in  overall  system  rating  is  achieved;  both  the  beneficial 
and  detrimental  aspects  of  the  system  have  been  identified  and  the  system 
may  be  given  an  overall  rating  (considering  opinions  on  a whole  range 
of  social -environmental  parameters)  of  slightly  beneficial.  No  man  is 
always  correct  when  he  expresses  an  opinion  about  what  may  happen  (impact) 
if  something  else  (implementation  of  a wastewater  management  system)  occurs. 
The  larger  and  more  diversified  social -environmental  evaluation  team 
can  produce  a less  biased  viewpoint  of  a given  alternative  treatment 
system.  At  the  same  time,  the  different  disciplines  insure  that  specific 
good  and  bad  points  of  each  alternative  and  its  components  were  not 
overlooked.  The  evaluation  team  members  realized  that  the  numerical 
estimate  of  inpact  was  limited  unless  explained  by  narrative  comment. 

Used  as  a Tool  - Supported  by  Written  Comment 

Each  evaluator  prepared  written  comments  on  the  specific  impacts  being 
considered.  Those  comments  were  particularly  significant  when  an  evaluator 
indicated  in  the  matrix  format  that  an  impact  was  extemely  beneficial  or 
detrimental.  One  advantage  of  the  matrix  is  that  the  evaluator  is 
sometimes  able  to  let  a number  signify  some  unmeasurable  concern.  The 
matrices  also  provided  checklists  for  the  benefit  of  the  evaluator  so 
that  all  possible  impacts  were  considered.  Therefore,  the  impacts 
which  needed  enphasis  were  highlighted  in  the  matrix  format  by  larger 
positive  (+)  or  negative  (-)  numbers,  and  explained  by  narrative  comment 
(in  addition  to  tabular  summaries  in  Section  5).  To  quote  from  the 
Abstract  to  Julius  Kane's  "Intuition,  Policy  and  Mathematical  Simulation” 
paper,  "It  is  argued  that  the  main  problem  in  structuring  such  impacts  for 
the  computer  has  been  one  of  inappropriate  format-- intuition  and  opinion 
have  been  treated  as  garbled  arithmetic  messages  when  in  fact  they  are 
trying  to  communicate  geometric  information.  With  this  insight  it  becomes 
relatively  easy  to  develop  computer  languages  which  can  readily  combine 
subjective  evaluation  with  quantitative  data."^  The  matrix  approach  used 
in  Appendix  E is  based  on  well  standarized  psycho-metric  scaling  procedures. 
Psycho-metric  scaling  is  a psychological  method  to  express  subjective 
data  quantitatively  rather  than  qualitatively. 

LIMITATIONS  TO  THE  MATRIX  METHOD  OF  ANALYSIS 

The  numerical  impact  ratings  given  to  each  system  are  expressions  of 
subjective  judgments  based  on  information  provided.  Because  the  judgments 
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arc  subjective,  the  inpact  ratings  are  not  real  value  numbers,  Iherefore, 
the  leader  should  not  draw  conclusions  pertaining  to  the  relative  merits 
of  alternatives  or  their  components  on  the  matrix  score  alone.  Instead, 
lie  must  delay  his  conclusion  until  he  has  thoroughly  analyzed  the  narrative 
portions  of  Appendix  h,  particularly  flections  1 and  5,  and  Appendix  G. 

An  overview  of  inpacts  is  provided  in  Section  1 of  .Appendix  I . Real 
inpact  differences  between  the  tunctional  alternative  components  that  can 
be  quantified  (such  as  resources  consumed,  or  air  pollutants  1 are 
discussed  in  Section  5. 


1 - Paper  presented  at  1973  International  Symposium  on  Uncertainties  in 
Hydrologic  and  Water  Resource  Systems  by  Julius  Kane , Prof,  of  Math 
Ecology,  Resource  Science  Center,  University  of  British  Columbia. 
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PREFACE. 


BASIS  OF  EVALUATION 

The  evaluations  of  impacts  reported  in  this  document  were  made  at 
the  request  of  the  Corps  of  Engineers  on  the  basis  cf  an  early  draft 
of  the  final  specifications  for  the  several  wastewater  management  alter- 
natives proposed  for  the  Chicago-South  End  of  Lake  Michigan  (C-SELM) 
Region.  The  validity  of  the  judgements  expressed  by  the  evaluators  as 
to  the  probable  impacts  arising  from  the  engineering  design  of  various 
wastewater  management  alternatives  is,  of  course,  limited  by  the 
quality  and  correctness  of  information  provided  to  them  as  a basis  for 
their  evaluation.  For  example,  each  evaluator  was  instructed  to  assume 
that  all  descriptions  of  the  performance  characteristics  of  the  proposed 
systems  and  all  estimates  of  impacts  were  accurate,  although  many 
evaluators  questioned  the  validity  of  the  assumption.  To  the  extent 
that  these  descriptions  and  estimates  are  in  error,  the  judgements 
of  the  evaluators  are  likely  to  be  incorrect.  The  same  implication 
holds  for  the  effect  of  missing  information,  and  absence  of  detail. 

Direct  costs  attributable  to  the  various  wastewater  alternatives 
as  proposed  in  the  course  of  the  C-SELM  study  were  not  included  in 
the  social-environmental  impact  analysis  as  performed  by  our  evaluation 
team,  again  at  the  request  of  the  sponsors. 

All  evaluations  were  made  on  the  basis  of  the  aggregate  impact 
to  the  C-SELM  region  as  a whole.  /5s  a result,  strongly  favorable 
impacts  in  one  area  of  the  region  could  be  offset  by  strongly  negative 
impacts  in  another  area.  Had  the  available  resources  (time  and  money) 
permitted  it,  the  evaluations  would  have  been  greatly  strengthened  by 
disaggregating  the  region  into  smaller  areas  and  evaluating  the  impacts 
on  a more  localized  basis.  A similar  comment  could  be  made  with  regard 
to  the  level  of  disaggregation  at  which  the  components  of  the  alterna- 
tives were  considered. 


PROTOTYPE  INITIATION  AND  EVALUATION 

The  evaluation  team  recognize s that  none  of  the  loastewater  treatment 
processes  as  investigated  are  new).  However,  most  of,  the  information  upon 
which  the  various  alternatives  have  been  designed,  has  been  extrapolated 
from  small  operations  or.  laboratory  analysis.  It  is  suggested  that  if 
any  of  the  C-SELM  alternatives  be  chosen  for.  implementation  that  ample 
provisions  be  made  for  full-scale  prototype  testing  and  evaluation  in  the 
C-SELM  area  prior  to  complete  initiation  of  that  alternative. 
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REFERENCE  PLAN  I 


Ti  is  ’ int  t > realize  that  the  most  significant  goal  of 

: is : ■ cate r nan  i gement  is  the  production  of  effluent  that  meets 
effl  tet  juality  standards.  These  standards  are  specified  to  protect 
str  uality , aquatic  life  and  aesthetic  values. 

The  effluent  is  also  useful  because  it  can  provide  additional 
pul  lie  water  supply  and  enhance  recreational  and  open  space  availability 
• - ■ st  rm  sat  r ■ ntr  l.  The  efflm  r : quality  standards  used  by 

'orps  and  their  consultants  for  comparison  in  the  Reference  Plan, 

Al tern  it:  oe  I • • ot  include  the  Indiana  standards  which  will  be 

enf  roc:  by  1371  aid  1976  for  plants  in  the  Lake  Michigan  drainage 
: as  in.  These  Indiana  standards  together  with  the  well  developed 
Illinois  standards,  will  definitely  require  the  upgrading  of  the 
municipal  and  industrial  wastewater  treatment  plants  in  the  Lake 
Michigan  Region. 

It  is  apparent  from  our  evaluation  that  the  greatest  enhancement 
f cater  quality  in  the  C-SELM  region  is  attributed  to  the  collection, 
storage  and  treatment  of  the  storm  water  in  urban,  suburban  and  rural 
areas.  This  will  provide  for  a protection  of  water  quality  by  pre- 
v>: r :* ng  sudden  inflows  'f  large  quantities  of  pollutants  during 
storms , by  providing  flow  regulation  and  by  improving  ground  water 
supi  Id's.  Most  expected  improvements  in  surface  water  quality  from 
>?  lementation  of  Alternatives  II,  III,  IV  or  V in  relation  to 
Alternative  I are  ascribed  mainly  to  this  factor. 

Furthermore,  it  should  be  noted  that  the  reference  plan  (64  plants ) 
already  provides  a high  degree  of  regionalization  in  comparison  with 
the  present  array  of  facilities  (ISO  plants  above  1MGD  capacity) . It 
is  of  interest  to  note  that  in  the  August  SO,  1972  Interim  Evaluation 
. f Impacts  Report,  the  weighted  score  results  showed  preference  for  a 
higher  nurler  of  plants  in  the  pioposcd  systems  as  opposed  to  lesser 
number  of  plants.  This  reflects  the  preference  by  the  evaluators  for 
: lesser  legree  of  regionalization  than  is  included  in  the  final  treat- 
ment plant  alternatives  (excluding  the  Reference  Plan). 

The  question  was  raised  among  the  evaluators  as  tt  how  highly 
Alternative  1 64  plants  with  a)  the  proper  i iffluent  st  mdards  (which 
- tst  ! ; — it  ved  by  1975i,b)  storm  water  storagt  and  : rear:,  nt  to  meet 

these  standards,  and  c)  the  degree  of  regionalization  of  the  system 
would  have  rated  relative  to  the  NDCP  Alternatives . Tt  was  felt  by 
several  evaluators  that  many  of  the  goals  of  wastewater  management 
in  the  C-SELM  area  could  be  achievt  l it  considerably  less  effort  md 
disruption  by  implementing  such  at:  ilt(  matin  . 
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NUMMARY  OB'  MAJOR  IMPACTS 


introduction 


This  report  provides  an  assessment  of  the  social  and  environmental 
impacts  likely  to  arise  from  the  implementation  of  each  of  the  waste- 
water  management  alternatives  developed  for  the  Chicago-South  End  of 
Lake  Michigan  (C-SELM)  region  as  described  in  the  engineering  specifi- 
cations for  the  alternatives  (Appendix  B)  and  summarized  briefly  in 
Section  II  of  this  appendix.  lire  report  is  organized  so  as  to  provide, 
in  this  initial  section,  a brief  summary  of  the  major  impacts  ascribable 
to  each  of  the  wastewater  management  Alternatives  II  through  V relative 
to  those  of  Alternative  I,  the  reference  alternative.  In  making  the 
assessments,  the  impacts  judged  to  result  from  the  implementation  of 
Alternative  I were  arbitrarily  set  to  zero,  as  a reference  base,  and 
the  impacts  judged  to  result  from  implementation  of  any  of  Alternatives 
II  through  V were  evaluated  in  terms  of  the  departure  from  the  impacts 
of  Alternative  I.  In  other  words,  would  the  impacts  resulting  from 
Alternative  III  (for  example)  be  more  favorable  (positive)  or  less 
favorable  (negative)  than  Alternative  I?  Thus,  a relative  difference 
in  impact  was  assessed  rather  than  an  absolute  change.  By  this  means, 
the  nearly-irrpossible-to-answer  question,  "What  will  the  C-SELM  region 
be  like  (in  the  years  1990  and  2020)  if  alternative  X is  adopted?"  was 
avoided.  Instead,  the  question  asked  was,  "Is  the  C-SELM  region  likely 
to  be  better  (in  terms  of  social  and  environmental  inpacts)  if  alterna- 
tive X is  implemented  rather  than  alternative  I?" 

The  choice  of  Alternative  I as  the  reference  base  (rather  than 
present  conditions,  for  example)  was  made  by  the  Corps  of  Engineers 
to  give  recognition  to  the  probable  future  developments  in  wastewater 
management  in  the  C-SELM  region  that  wo'LLd  result  with  current  waste- 
water  planning  for  the  region. 

Subsequent  sections  of  the  appendix  describe  the  methodology  used 
for  impact  assessment  (Section  II)  and  present  the  resulting  assess- 
ments of  impact  in  greater  detail:  impacts  are  identified  in  terms  of 

a set  of  primary  impact  dimensions,  largely  environmental  (Section  III), 
and  then  in  terms  of  the  human  activities  affected  (Section  IV).  Tire 
report  concludes  with  an  extended  verbal  description  of  the  impacts 
(Section  V)  quantified  numerically  in  the  previous  sections.  Two 
annexes  to  the  report  are  provided:  the  first  (Annex  A)  describes  the 

method  used  to  translate  the  primary  impacts  into  human  inpacts;  the 
second  (Annex  B)  describes  and  analyzes  the  diversity  of  viewpoints 
characterizing  the  compos it ion  and  concerns  of  the  individual  members 
of  the  evaluation  panel. 


In  summarizing  the  major  impacts  for  each  of  the  alternatives,  a 
conscious  effort  was  made  to  provide  overview  rather  than  depth,  and 
to  treat  each  alternative  as  an  entity  insofar  as  that  was  possible. 

In  later  sections  of  this  report,  the  impacts  are  presented  arid  dis- 
cussed in  terms  of  a set  of  six  functional  components  of  which  the 
alternatives  are  conposed.  The  six  functional  components  are  described 
in  Section  II.  This  approach  permitted  a more  detailed  development  of 
the  impact  assessments  and  a closer  identification  of  the  components 
producing  the  inpacts. 

In  this  sumrrary,  the  inpacts  judged  to  result  from  the  implemen- 
tation of  each  wastewater  management  alternative  are  discussed  in 
terms  of  three  major  factors:  Environmental  Quality,  Social  Well- 

Being,  and  Economic  Development . Several  sub-topics  are  embodied  within 
these  factors  as  follows: 


A.  Environmental  Quality 

1.  Health,  diversity  and  productivity  of 
plants  and  animals 

2.  Preservation  or  enhancement  of  land  and 
water  resources 

B.  Social  Well-Being 

1.  Hygienic  characteristics 

2.  Aesthetic  characteristics 

3.  Social  characteristics 

C.  Economic  Development  (regional  base) 

All  impact  evaluations  were  made  on  the  basis  of  the  aggregate 
impact  (in  the  particular  dimensions  being  considered)  to  the  C-SELM 
region  as  a whole.  As  a consequence,  a localized  unfavorable 
(negative)  impact  in  one  area  of  the  region  might  be  counterbalanced 
by  a favorable  (positive)  impact  in  another  area  of  the  region.  The 
result  could  be  a neutral  impact  for  the  region  as  a whole. 

For  evaluation  purposes,  the  C-SELM  region  was  defined  to  include 
not  only  those  areas  around  Lake  Michigan  comprising  the  basic  region, 
but  also  any  areas  outside  the  basic  region  where  treatment  facilities, 
pipelines,  or  conduits  were  located  (such  as  the  land  areas  used  for 
wastewater  treatment,  sludge  disposal,  etc.). 

Discussion  for  each  of  the  five  C-SELM  alternatives  is  divided  into 
several  topics:  A Description  provides  a concise  identification  of  the 
alternative  in  question.  Overview  of  Impacts  attempts  to  briefly 
portray  the  overall  impact  of  the  alternative  in  question  to  the 
remaining  alternatives.  Following  this  are  three  topics,  each  addressed 
to  one  of  the  three  major  impact  factors  mentioned  above. 


L. 


1 


ALTERNATIVE  I 

DESCRIPTION 

Wastewater  management  Alternative  I is  comprised  of  64  biological 
treatment  plants  of  substantially  conventional  design.  The  effluent 
from  these  plants  will  meet  current  water  quality  standards  for  Illinois 
and  Indiana.  At  some  plants,  conventional  secondary  biological  treat- 
ment is  augmented  by  filtration  of  part  or  all  of  the  effluent  to  meet 
requirements  for  suspended  solids  discharge.  Biological  nitrification 
for  ammonia  reduction  is  used  at  those  plants  discharging  to  the  Chicago 
and  Calumet  River  system,  and  phosphorous  removal  is  employed  for 
those  plants  whose  effluent  reaches  Lake  Michigan.  The  only  storm 
water  treated  in  this  alternative  includes  the  combined  several  areas 
of  the  Chicago  Metropolitan  area  (following  the  Chicago  tunnel  plan) 
together  with  the  cities  of  Gary  and  Hammond.  As  such,  it  offers 
some  improvement  in  the  management  of  storm  water  quality  over  current 
practice.  Sludge  management  is  accomplished  by  a combination  of 
land  reclamation  and  agricultural  utilization,  with  the  latter  pre- 
dominating. 

This  alternative  represents  a substantial  consolidation  of 
existing  treatment  facilities  (a  reduction  from  about  135  plants  above 
1MGD  now  in  existence  to  64  plants  proposed  for  the  alternative). 

Most  of  the  plants  to  be  eliminated  are  very  small.  The  alternative 
represents  an  estimate  of  the  trend  for  wastewater  management  in  the 
region.  As  such,  it  served  as  the  reference  alternative  for  the  eval- 
uation of  impacts  of  all  other  alternatives  (II  through  V)  for  waste- 
water  management  in  the  region. 

OVERVIEW  OF  IMPACTS 

The  detailed  assessments  of  impacts  judged  to  result  from  the 
implementation  of  Alternatives  II  through  V were  made  in  terns  of  the 
impacts  of  these  alternatives  relative  to  those  anticipated  from 
Alternative  I. 

As  a consequence  of  the  evaluation  strategy  employed,  no  detailed 
assessment  was  made  of  the  impacts  to  be  expected  from  the  implemen- 
tation of  Alternative  I.  Some  of  the  evaluators  viewed  it  to  be 
"one  of  the  best"  from  an  overall  standpoint  of  impact  while  many 
regarded  it  as  among  the  worst.  In  the  following  section,  an  attempt 
is  made  to  speculate  about  the  impacts  that  would  be  produced  by  im- 
plementation of  Alternative  I as  compared  to  the  present  situation, 
for  wastewater  management  and  the  conditions  produced  thereby 
throughout  the  C-SELM  region. 
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Health,  Diversity  and  Product i vity  of  Hants  and  Animals. 

A slightly  favorable  inpact  on  biotic  communities  is  antici- 
pated as  a result  of  improving  surface  water  quality  and  reducing  the 
frequency  of  combined  sewer  overflows . Lae  reduction  of  treatment 
plants  from  135  to  6t  will  require  construction  of  more  extensive 
conveyance  systems , and  so  unique  and  rare  species  and  thing.-  an  more 
susceptible  to  disruption.  This  potential  impact  is  considered  un- 
favorable. The  overall  impact  on  ecosystem  status  will  be  neutral  or 
very  slightly  positive  since  the  impact  of  continued  nutrient  dis- 
charges to  surface  streams  (expected  with  existing  standards)  is  dif- 
ficult to  assess . 

Preservation  or  Enhancement  of  Land,  Air  and  Water  Resources. 

Surface  water  quality  is  judged  to  inprove  moderately  because 
of  the  increased  efficiency  and  reliability  of  wastewater  treatment 
(due  to  the  elimination  of  the  very  small  packaged  treatment  plants). 

The  treatment  of  storm  water  in  the  combined  sewered  areas  will  con- 
tribute strongly  to  this  improvement.  Effects  on  surface  water  quantity, 
however,  are  likely  to  be  unfavorable  due  in  part  to  the  elimination 
of  the  small  treatment  plants  located  on  small  streams.  In  times  of 
drought,  the  effluent  from  these  plants  often  provides  the  only  flow 
in  the  stream.  Consolidation  of  treatment  plants  also  leads  to  ex- 
cessively high  flows  (in  excess  of  estimated  channel  capacity)  in 
some  streams  at  the  point  of  discharge  of  treated  wastewater  into 
those  streams,  again  a negative  impact  because  of  flooding  unless 
such  discharges  are  prevented. 

Groundwater  quality  and  quantity  are  not  likely  to  be  affected  by 
the  implementation  of  Alternative  I.  Air  quality  should  inprove 
slightly  with  the  relocation  of  most  sludge  treatment  to  land  recla- 
mation or  agricultural  areas,  but  the  impact  change  is  more  one  of  re- 
location than  of  absolute  reduction.  The  net  impact  on  mineral  resour- 
ces should  be  neutral  (no  change)  as  a result  of  internal  compensations 
(more  efficient  use  of  construction  material  in  construction  of  treat- 
ment plants  as  compared  with  the  additional  resources  consumed  in 
constructing  pipelines) . 

A slightly  favorable  impact  on  soil  quality  is  anticipated  to 
result  from  the  greater  utilization  of  sludges  for  agriculture  and  land 
reclamation. 


."OCTAL  WELL  BEING 
Hygienic 


Health,  safety  and  general  hygienic  conditions  are  expected  to 
imr  rove  somewhat  as  a consequence  of  the  general  improvement..;  In  •■nviron- 
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mental  quality  previously  discussed.  Tine  major  contributory  factor 
is  the  improvement  in  surface  water  quality. 

Aesthetic 


The  only  change  in  aesthetic  characteristics  that  can  be  antici- 
pated by  the  implementation  of  Alternative  I is  the  improvement  in 
surface  water  quality  resulting  from  increased  efficiency  and  relia- 
bility of  treatment  plants  and  the  effect  of  storm  water  treatment  in 
the  combined  sewered  areas.  This  improvement  is  partly  offset  by  the 
probable  drying  up  of  small  streams  in  drought  times  when  the  small 
treatment  plants  discharging  to  those  streams  are  eliminated.  A 
flowing  stream  with  fair-to-poor  quality  water  is  generally  preferred 
aesthetically  to  a dry  stream  bed. 

Sensory  quality  of  the  environment  should  improve  moderately 
with  the  improvement  in  stream  water  quality  and  the  relocation  of 
sludge  disposal  to  agricultural  or  land  reclamation  areas.  The  use 
of  sludge  for  land  reclamation  purposes  produce  especially  favorable 
impacts  on  aesthetics.  However,  the  amount  of  land  reclaimed  via 
Alternative  I is  not  considered  significant. 

Social  Characteristics 

The  social  characteristics  of  the  C-SELM  region  are  not  expected 
to  be  appreciably  affected  by  the  implementation  of  Alternative  I. 
Residential  activity  and  recreation  may  be  slightly  enhanced  because 
of  the  modest  inprovements  in  surface  water  quality  and  sensory  quality 
of  the  environment , but  this  may  be  offset  by  the  slightly  negative 
impacts  resulting  from  increases  in  immigration  and  population  density 
afforded  by  the  implementation  of  a regional  wastewater  management 
system(i.e.  construction  of  housing  developments  and  related  facilities 
would  become  more  feasible) . 

ECONOMIC  DEVELOPMENT 

Commercial  and  industrial  land  use  is  likely  to  be  somewhat 
negatively  affected  necause  of  the  consolidation  of  small  treatment 
facilities  into  larger  plants.  This  effect  is  due  to  the  fact  that 
larger  treatment  plants  occupy  more  space,  which  is  usually  within 
commercial- industrial  areas.  Agricultural  land  use  should  be  enhanced 
(a  favorable  impact)  as  a result  of  the  sludge  disposal  techniques.  The 
overall  impact  on  energy  is  judged  to  be  neutral,  since  the  electrical 
energy  used  is  of  about  the  same  magnitude  as  the  electrical  energy 
equivalent  of  the  excess  natural  gas  produced  by  the  heated  aerobic 
sludge  digestors. 

Commercial  and  industrial  production,  private  service,  employment 
and  income  are  not  judged  to  be  affected  by  the  implementation  of 
Alternative  I. 
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Food  production  should  be  enhanced  slightly  by  the  application 
of  sludge  to  agricultural  land.  Public  service  will  also  be  increased 
(a  positive  inpact)  by  the  existence  of  a regional  wastewater  manage- 
ment system.  Public  finance,  overall,  should  not  be  affected  since  the 
cost  of  the  regional  system  is  not  likely  to  exceed  (and  may  well  be 
less  than)  the  cost  of  continued  private  investment  in  numerous  small 
wastewater  management  facilities. 

Construction  services  would  benefit  slightly,  if  at  all,  from  the 
implementation  of  Alternative  I , again  because  of  the  compensating 
effects  of  public  investment  in  construction  of  wastewater  treatment 
facilities  supplanting  private  investment . 


IMPACTS  COMMON  TO  THE  NDCP  ALTERNATIVES 

Some  functional  components  for  wastewater  management  are  common 
to  Alternative  II  through  V,  the  "No  Discharge  of  Critical  Pollutants" 
(NDCP)  alternatives.  As  a consequence,  the  impacts  of  these  components 
are  also  common  to  all  NDCP  alternatives  as  well.  Before  presenting 
the  impacts  of  each  alternative  in  turn,  the  most  noteworthy  of  the 
impacts  common  to  the  NDCP  alternatives  will  be  discussed.  These 
impacts  will  also  be  included,  but  not  discussed  further,  in  the 
summary  of  impacts  for  each  alternative. 

POTABLE  WATER  SUPPLY 

The  basic  premise  for  all  of  the  alternatives  was  that  future 
potable  water  supply  needs  would  be  met  by  continued  withdrawals  from 
Lake  Michigan  and  from  the  available  ground  water  resources . This 
would  require,  after  about  1990,  that  the  Illinois  requirements  for 
Lake  Michigan  water  exceed  the  currently  authorized  2068  million  gallons 
(e.g.  3200  cfs)  per  day  diversion.  By  the  year  2020,  almosti36o  million 
gallons  a day  of  Lake  Michigan  water  beyond  the  authorized  amount  would 
be  needed.  An  option  was  provided  for  the  NDCP  alternatives  (II 
throu^i  V)  to  engage  in  a limited  reuse  of  treated  stormwater  and  re- 
claimed municipal  and  industrial  wastewater,  so  as  to  maintain  the 
diversion  from  Lake  Michigan  at  its  authorized  level.  The  noteworthy 
impacts  judged  to  result  from  the  practice  of  reuse  follow. 

Environmental  Quality 

The  only  appreciable  impact  on  Health,  Diversity  and  Productivity 
of  Plants  and  Animals  was  a slight  reinforcement  of  the  ecosystem  status 
(by  insuring  little  alteration  from  existing  conditions).  More  positive 
impacts  accrue  to  the  Preservation  or  Enhancement  of  Land,  Mr  and 
Water  Resources  in  terms  of  surface  and  ground  water  quantity  as  a 
result  of  the  smaller  quantities  of  water  diverted  from  Lab’  Michigan 
into  the  C-SELM  region. 
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Hygienic  characteristics  of  the  region  were  judged  to  be  minimally 
degraded  by  the  potable  reuse  of  reclaimed  wastewater,  due  to  the 
somewhat  poorer  quality  of  the  reclaimed  water  relative  to  that  of  Lake 
Michigan.*  Aesthetic  characteristics  were  also  judged  to  be  diminished 
somewhat  for  the  same  reasons.  Social  characteristics  were  judged  not 
to  be  affected  noticeably,  however,  an  effective  public  education  program 
will  be  necessary  before  recycled  water  will  be  acceptable  for  potable 
supply . 


Economic  Development 


Since  the  same  volume  of  water  would  be  available  via  reuse  of 
reclaimed  water  or  from  Lake  Michigan,  there  should  be  no  differen- 
tiation between  them  in  terns  of  economic  development . 


STORM  WATER  MANAGEMENT  AND  EFFLUENT  DISTRIBUTION 

Alternatives  II  through  V all  provide  for  the  collection,  storage 
and  treatment  of  large  quantities  of  storm  water  runoff  from  all  urban 
suburban  and  rural  areas.  The  rural  storm  water  management  system 
consists  of  local  collection  and  storage  of  runoff  in  small  ponds 
widely  distributed  throughout  the  region,  and  treatment  by  a spray- 
irrigation  technique  on  land  adjacent  to  the  ponds.  Underdrains  or 
wells  collect  the  treated  storm  water  so  that  it  can  be  reused  for 
potable  supply  or  redistribution  to  local  streams . 

Urban  and  suburban  storm  water  management  also  utilizes  storage 
facilities  but  relies  on  the  treatment  plant  system  peculiar  to  each 
alternative  for  treatment  of  storm  runoff. 

The  fact  that  vast  quantities  of  storm  water  runoff  are  collected 
and  treated  requires  that  the  treated  storm  and  wastewaters  be 
redistributed  to  the  streams  throughout  the  area.  While  the  quantities 
distributed  to  each  stream  and  location  are  not  identical  for  all 
alternatives,  the  range  of  variation  is  limited  and  the  variation 
was  not  judged  to  produce  significantly  different  irrpacts  accruing  to 
any  alternative  as  a result  of  the  variation.  As  a general  rule, 
however,  the  larger  the  number  of  treatment  sites,  the  more  uniformly 
is  the  effluent  distribution  throughout  the  region  and  the  less  conplex 
is  the  piping  system  needed  to  convey  the  storm  water  from  its  treat- 
ment site  for  redistribution  of  the  treated  effluent  back  to  the  streams. 

The  following  impacts  associated  with  storm,  water  management  and 
effluent  distribution  are  corrmon  to  Alternatives  II  through  V. 

Environmental  Quality 

The  health,  diversity  and  productivity  of  plants  and  animals 
are  substantially  enhanced  by  the  Improved  surface  water  yuul'ty  and 
by  the  reduction  in  frequency  of  flood  and  drought  flows  in  the  streams. 
Unique  and  rare  things  may  bo  affected  slightly  negatively,  however, 


* Reclaimed  wastewater  has  higher  TDS  (total  dissolved  solids') 
than  Lake  Michigan  water. 


conccntrat ions 


because  of  the  possibility  that  the  natural  flows  through  bogs  and 
swamps  nay  be  reduced  by  the  rural  storm  water  management  system. 

lurid  and  water  resources  will  be  substantially  enhanced  by  the 
improvements  in  surface  water  quality  and  juantity.  iround  water 
quality  and  quantity  are  not  judged  to  be  affected  appreciably. 

Trie  frequency  and  extent  of  r'loo  iing  will  be  substantially  reduced 
is  a resu  t if  the  system's  capacity  for  regulati  n,  and  redistrit  i- 
t ! f si  rtn  water.  This,  in  turn,  permits  the  flood  plain  to  be 
utilised  more  fully  and  beneficially  for  recreation  and  open  space 
; irj  ises.  Ccxrmereial,  industrial  and  residential  dev<  pment 
the  flc  xi  : lain  she  ild  still  be  discouraged,  however. 

Tire  rural  storm  water  management  ponds  offer  potential  recrea- 
tional and  open  space  uses,  as  do  the  adjacent  irrigation  areas. 

The  impact  on  mineral  resources  will  be  slightly  negative  because 
of  the  construction  materials  utilized  in  the  conveyance  and  treat- 
ment systems.  Mo  appreciable  impact  is  foreseen  on  soil  quality. 


Social  Well  Being 


Hygienic  characteristics  of  the  region  were  judged  to  be  greatly 
enhanced  by  the  collection  and  treatment  of  storm  water.  Tire  health 
and  safety  of  the  region's  inhabitants  wall  be  vastly  improved  by 
both  the  improved  surface  water  quality  and  the  reduced  incidence 
of  flooding. 

Tire  aesthetic  characteristics  again  reflect  the  improvements  in 
surface  water  quality  and  the  attendant  improvements  in  sensory  quality 
of  the  environment . Recreation  and  open  space  also  benefit  greatly 
from  the  reduced  incidence  of  floods  and  droughts , the  higher  ave- 
erage  stream  flows,  and  the  more  beneficial  utilization  (i.e.,  rec- 
reational) of  the  flood  plain.  In  addition  to  the  recreation  and 
open  space  benefits  previously  described,  residential  land  use  and 
residential  activity  near  rural  storm  water  management  ponds  and 
for  flood  plains  were  judged  to  be  significantly  enhanced. 

Economic  Development 

The  overall  impact  on  economic  development  was  assessed  to  be 
slightly  to  moderately  negative.  Energy  requirements  are  substantial 
in  order  to  transport  the  vast  quantities  of  water  to  and  from  the 
treatment  facilities,  as  well  as  to  treat  the  water  itself.  Commer- 
cial, industrial  and  agricultural  land  uses  were  judged  to  be  encroacho.; 
upon  (a  negative  impact)  to  provide  the  necessary  land  for  storage 
and  treatment  facilities.  As  a result,  the  impacts  on  commercial  and 
industrial  production  are  also  slightly  negative. 

ALTERNATIVE  IT 
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alternative.  Included  are  33  treatment  facilities,  urban-suburban- 
rural  components  of  stormwater  management  ana  sludge  management  through 
agricultural  application.  An  option  exists  in  the  development  of 
potable  water  supply  for  the  C-SELM  region;  either  with  emphasis  on 
Lake  Michigan  as  a supply  source  or  alternatively  the  reuse  of  treated 
wastewater  for  a significant  portion  of  potable  supply  needs. 

OVERVIEW  OF  IMPACTS 

Of  all  the  alternatives  (including  the  reference)  this  alternative 
will  produce  the  largest  number  of  negative  impacts,  in  terms  of 
environmental  dimensions  and  human  activities.  As  a result,  this 
alternative  was  rated  least  desirable  of  all. 

ENVIRONMENTAL  QUALITY 

Health,  Diversity  and  Productivity  of  Plants  and  Animals 

The  overall  impact  on  biotic  communities  is  judged  to  be  slightly 
to  moderately  negative.  Air  pollutants  and  emissions  from  the  treat- 
ment process,  and  the  PC  sludge  management  requirement  for  excessively 
large  tracts  of  land  are  considered  significant  negative  design  factors. 
Aquatic  communities  in  C-SELM  streams  would  be  somewhat  enhanced  by 
the  improvements  in  surface  water  quality.  Unique  and  rare  environmental 
elements  are  also  negatively  affected,  largely  as  a result  of  the 
potential  for  disruption  caused  by  the  construction  of  conveyance 
systems  for  the  water  and  sludge.  Air  pollution  from  the  treatment 
processes  may  contribute  to  this  assessment  as  well. 

Preservation  of  Land,  Air  and  Water  Resources 

The  common  elements  of  storm  water  management,  NDCP  effluent 
standards  and  effluent  distribution  combine  to  produce  positive 
impacts  on  surface  water  quality  and  quantity  and,  to  a lesser  extent, 
on  ground  water  quality  arid  quantity.  No  impact  is  perceived  on 
soil  quality,  aside  from  the  effect  of  PC  sludge  (similar  to  lime), 
but  strong  negative  impacts  are  recorded  for  air  quality  and  mineral 
resources.  Both  of  these  are  predominantly  associated  with  the  PC 
treatment  process.  Most  air  pollution  originates  in  line  recalcination 
by  incineration,  which  releases  vast  quantities  of  nitrogen  oxides  and 
sulfur  oxides  as  well  as  particulates.  Hie  negative  impact  on  mineral 
resources  arises  from  the  consumption  of  clinoptilolite  and  other  mineral 
used  in  the  treatment  process  (see  Table  E-V-3). 

SOCIAL  WELL  BEING 

Hygienic 

The  water  quality  impacts  conmon  to  all  NDCP  plants  provide 
strongly  favorable  impacts  on  surface  and  ground  water  quality.  A 
strongly  negative  impact  on  air  quality  was  judged  to  result  from  the 


ii  : L<  raenl  at  Ion  of  the  PC  wastewater  management  alternative.  Of 
: articular  conceit,  from  a hygienic  standpoint  are  the  oxMes  of 
nitrogen  and  sulfur  that  are  emitted  in  large  quantities.  Although 
the  evaluators  were  informed  that,  the  air  pollution  emissions  would 
meet  current  standards,  the  quantities  of  air  pollutant.:  emitted 
with  the  FC  alternative  may  be  10  times  as  great  (or  more)  than  the 
; lantiti  s emitted  with  the  other  alternatives.  In  a metropolitan 
an  a s . ih  as  C-SELM,  air  pollutants  are  emitted  from  a variety  of 
urees.  F< w of  these  sources  have  the  option  of  reducing  tneir 
emissions  by  adopting  different  technology.  Hr.:  selectior  f a PC 
wa;  '■  wat<  r management  alternative  for  imp lement at i on  would  haw  t 
be  justified  on  exceptionally  strong  grounds  to  overcome.1  the  adverse 
•■ffects  of  air  pollution  (see  Table  E-V-2). 

The  overall  impact  on  health  and  safety  ascribed  to  Alternatin' 

II  was  slightly  negative. 

Aesthetic 

The  overall  inpact  of  Alternative  II  on  the  aesthetic  charact* 
istics  of  the  C-oELM  region  was  judged  to  be  slightly  positive  (but 
other  NDCP  alternatives  were  3 to  5 times  more  strongly  positive  . 

The  net  positive  impact  stems  mostly  from  the  water  quality  and 
i.uantity  impacts  described  previously  and  from  open  space  impacts 
of  the  storm  water  management  and  agricultural  disposal  of  sludge. 

These  positive  impacts  are  partly  counterbalanced  by  the  strongly 
negative  impacts  on  air  quality  and  the  weakly  negative  impacts 
sensory  quality  (noise,  odors,  visual,  irritants,  etc.)  of  the  environ- 
ment . 

docial 

The  overall  impact  of  Alternative  II  on  Social  Characteristics 
was  judged  to  be  neutral  relative  to  that  of  Alternative  I.  This 
represents  a balance  between  a moderately  positive  impact  associated 
with  recreation  and  an  accumulation  of  small  negative  impacts  assoc- 
iated with  residential  land  use  and  activity,  access,  Immigration, 
cultural-educational  activity,  population  density  and  cormunity  social 
and  political  structure.  These  small  negative  impacts  all  accrue  as 
a result  of  the  effects  described  previously  under  the  topics  of 
environmental  quality  and  social  well  being. 

•v.-'.W  MIC  LEVELOFIENT 

The  aggregate  impact  on  economic  development  judged  to  result 
fr  n th<  implementation  of  Alternative  II  was  mod*  rately  negative. 
Heading  the  list  of  strong  negative  impacts  was  the  excessive  drain  on 

; trees,  espi  ■' a!  Lj  i af  . a r syi  ' 1 ■ gas . Ih<  n juiremenl 
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■ • fori  itura  gas.  Hie  demand  for  electrical  en  rgy, 

about  twice  that  required  for  the  reference  alternative,  is  less  than 
the  other*  NDCP  alternatives.  However,  the  demand  for  electrical  energy 
’ ■ nly  ab<  v ” of  the  total  energy  requirement  for  this  alternative. 

Th-  negative  irrpacts  described  previously  under  the  topics  of 
•nvirorarental  Quality  and  Social  Well  Being  corbine  with  the  energy 
impact  to  produce  small  to  moderate  negative  impacts  in  all  aspects 
•'  ‘conomic  development.  These  aspects,  listed  in  decreasing  order 

-verity  of  impact  are:  Industrial  production,  corrcnercial  production 

• ,-truction  services,  employment,  income,  public  finance,  private 
"vice,  public  service.  If  only  one  major  industry  were  precluded 
fr  r.  .eating  in  the  C-SELM  region  because  of  the  excessive  demands 
r . iced  or:  the  region's  energy,  air  and  land  resources  by  the  PC  treat - 
mnr  • alternative,  the  economic  impacts  would  ripple  through  the  region 
the  same  way  and  magnitude  as  are  attributed  to  this  altema- 


ALTERNATIVE  III 


EFT  TIPTION 

This  management  system,  is  conposed  of  17  advanced  biological 

• reatnent  plants  plus  a storm  water  management  system  for  urban,  sub- 
urban and  rural  areas  similar  to  that  used  in  all  other  NDCP  altema- 

* - -.  Eludge  management  is  by  either  of  two  options:  application 

f rip  t-  agricultural  lands  as  a fertilizer  and  soil  conditioner; 

• act  Ti cation  to  strip-mined  or  related  areas  as  a reclamation 
rr»  asure.  Future  needs  for  potable  water  may  be  met  either  by  a 
combination  of  ground  water  and  Lake  Michigan  water  or  by  some  reuse 
of  reclaimed  wastewater. 

OVERVIEW  OF  IMPACTS 

Th  impact assessed  for  this  alternative  are  consistently  among 
the  most  favorable  of  all  the  alternatives  considered.  When  land 
reclamation  is  used  as  the  method  of  sludge  management,  the  alternative 
produces  the  highest  impact  ranking  of  all  alternatives  that  do  not 
emnloy  a power  synergism.  Optimal  variations  of  the  alternatives  are 
the  second  and  fourth  highest  ranked  of  all  the  alternatives  and 
variations,  and  are  slightly  exceeded  only  by  the  somewhat  similar  alter- 
native V (5  AB  plants  plus  dispersed  land”)  for  which  a power  synergism  is 
employed. 

ENVIRONMENTAL  QUALITY 

Health,  Diversity  and  Productivity  of  Plants  and  Animal 

Little  impact  in  this  area  is  anticipated  to  result  from,  the 
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Lmi  acts  on  physical  res  trees  air,  land,  and  wat  result- 
ing fr  ',11  en lat  iv< : [II  ■■■  substantially  n fav  rabii  in  this 
teg  ry  than  w<  lid  result  w 1th  Alti  rn  t I v<  ' . A ■ favorabli  tmi 
: mraoi'i  to  the  LDCF  alternatives  as  ••  result  o:‘  manager.-  f 

si  ra  water  runoff,  in  : ncerl  with  tto  higher  wal tality  star  i- 

ards  inherent  in  nc  iischarge  of  critical  pollutants,  produce i on:  - 
stantial  improvements  in  surface  and  /;roundwater  quality  and  in  t:>- 
spatial  and  temporal  distribution  of  water  resources  throughout  tne 
I-SELM  region.  Overall , soil  quality  of  the  regi  n was  • ns!  lered  t< 
be  about  equally  enhanced  by  either  of  the  sludge  management  ::rth  ds 
although  obviously  land  reclamation  produces  large  impacts  in  small 
areas  while  agricultural  utilization  produces  small  imp;  :ts  ver  largi 
areas.  Air  juality  was  not  considered  to  be  legraded  1 a signif!  :anl 
extent , although  some  pollutants  would  be  emitted.  Th  altemativi 
did  produce  some  drain  on  mineral  resources  tiirouph  i:.-  ;onstruct!  - 
the  large  facilities,  but  these  were  partly  compensated  by  th  ; sitiv 
Impact  on  mineral  resources  due  to  the  utilization  (recycling)  of 
sludge. 
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SOCIAL  WELL-BEING 


Hygienic  Characteristics 

The  anticipated  improvements  in  surface  aid  ground  water  quality 
resulted  in  a generally  positive  Impact  or.  the  hygienic  character: sties 
of  the  region.  This  may  be  attributed  more  • a the  suitabil ity  f the 
surface  waters  for  recreational  uses  such  as  swimming,  fishing  an: 
other  uses,  than  to  the  use  of  the  waters  for  potable  needs,  sine- 
further  treatment  of  the  waters  to  produce1  potable  quality  is  .-anti- 
cipated in  all  Instances. 


Aesthetic  Characteristics 

Alternative  TII  offers  a potentially  greater  improvement  Ji.  the 
sensory  quality  of  the  environment  (visual  appeal'*?-. d-rs,  , 

• :.)  than  any  of  the  ether  treatment  altemal  iv<  s whi  i Land  reclai 
is  the  method  for  sludge  management.  The  opp  rl  inity  f r • nv  rsJ 
of  blighted  strip-mined  and  related  low  product  !vit.y  Ian  is  .o  f . . 

and  pleasing  areas  has.  a dominating  effect  her-  , a in  ,g!  * ire.  • v • ; 
visual  appearanc<  f surface  wal  ers  and  the  < Lmii  tiot  f r ioi 
from  ror ids  -uvi  streams,  common  to  'ill  the-  LAT  ah  - mu'  Acs  • icsu  s- 
further  1 th<  favi  rable  aesthetic  :har;  iteristicn. 
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Alternative  III  was  judged  to  have  strong  favorable  impacts  on 
recreation  and  open  space,  although  less  than  with  some  of  the  ; ti 
within  the  land  treatment  alternatives.  This  favorable  impact  was 
also  more  strongly  displayed  when  land-reclamation  was  utilized  for 
sludge.  A similar  but  smaller  positive  Impact  was  found  in  the  dimen- 
sion of  residential  land  use,  due  to  the  physical  suitability  of  re- 
claimed areas  for  attractive  residential  areas.  Small  negative 
impacts  on  access  were  anticipated  during  the  construction  of  pipe- 
lines, tunnels  and  other  facilities. 

In  general,  the  alternative  was  considered  to  provide  sub- 
stantial improvements  in  the  social  characteristics  of  the  area  over- 
all. Recreation  and  residential  activity  are  most  favorably  affected. 
These  positive  impacts  results  from  the  favorable  impacts  on  environ- 
mental quality  and  other  social  characteristics  described  previously. 

ECONOMIC  DEVELOPMENT 

All  alternatives  reflect  a negative  impact  on  economic  develop- 
ment, but  least  so  for  Alternative  III  as  a whole.  Energy  consumption 
is  a substantial  component  of  this  negative  impact.  Both  natural  gas 
and  electrical  energy  are  required  in  substantial  quantities.  Industrial 
production  is  also  somewhat  negatively  affected  by  Alternative  III, 
partly  as  a result  of  the  large  treatment  facilities  required  and 
located  most  commonly  in  industrial  areas,  precluding  the  use  of  the 
land  for  industrial  purposes.  The  competition  between  industry  and 
wastewater  management  for  the  use  of  the  region's  air  and  energy 
resources  also  influences  this.  Commercial  production  somewhat  shares 
in  this  negative  impact  for  similar  reasons.  Other  dimensions  of 
economic  development — food  production,  construction  services,  public 
service,  private  service,  employment,  income  and  public  finance — are 
only  slightly  affected  by  the  alternative. 

ALTERNATIVE  IV 


DESCRIPTION 

Alternative  IV  constitutes  a totally  land  treatment  process. 
Included  are  several  land  treatment  sites  dispersed  about  the  fringe 
of  the  C-SELM  study  area.  Wastewater  is  to  be  conveyed  to  the  land 
sites  and  returned  for  reuse  in  the  urban  portion  of  the  C-SELM  urea. 
Sludge  management  contains  two  options:  to  manage  sludge  for  nitricul- 
tural  purposes  as  an  integral  part  of  the  land  treatment  facility  or 
to  utilize  sludge  elsewhere  for  reclamation  of  strip-mined  land, 
siting  of  power  generation  facilities  within  the  land  treatment  sites 
utilizing  the  storage  lagoons  as  cooling  ponds  is  uls  an  ft:  : . 
Furthermore,  the  procuremenl  f : tal  L<  water  supj  Ly  fr  n '.■■■  lchi 
or  from  treated  wastewater  serves  as  an  additional  pt,i 


EMVTHONMEM’AL  QUALITY 

Health,  Diversity  and  Productivity  of  Plants  and  Animal- 

Implementation  of  this  alternative  was  viewed  to  produce  a 
significantly  negative  impact  on  biotic  communities  and  on  unique  or 
ran  things,  primarily  because  of  unavoidable  disruption  to  these 
things  during  construction  or  installation  of  the  land  treatment 
facilities.  Ecosystem  status  is  moderately  enhanced,  however,  by  the 
preservation  of  open  space  inherent  in  the  land  treatment  alternative. 

; reservation  or  Enhancement  of  Land,  Air  and  Water  Resoisrces 

The  favorable  impacts  on  water  quality  and  quantity  and  open 
space  carrion  to  all  NDCP  alternatives  are  clearly  in  evidence  here. 

They  are  further  enhanced  by  the  absence  of  air  pollutant  emissions  and 
depletions  of  mineral  resources  for  treatment  processes.  Indeed,  a 
net  positive  impact  on  mineral  resources  is  anticipated  in  recognition 
of  the  potential  value  of  the  construction  materials  (rock  and  unconsoli- 
dated materials)  recovered  from  the  mining  of  the  wastewater  convey- 
ance tunnels.  Soil  quality  is  also  moderately  enhanced,  more  through 
the  sludge  management  options  than  by  irrigating  croplands  with 
wastewater. 


The  region's  open  space  lands  are  definitely  preserved  (a  positive 
impact)  by  the  implementation  of  this  land  treatment  alternative. 

SOCIAL  WELL-BEING 

Hygienic. 

The  generally  favorable  impacts  described  earlier  as  attributable 
to  all  NDCP  alternatives  are  diminished  somewhat  by  the  unfavorable 
impacts  in  this  category  attributable  to  the  spray-irrigation  of 
partially  treated  wastewater  and  the  presence  of  large  storage  and 
treatment  lagoons.  Health  precautions  will  be  designed  into  the  land 
tr  atment  systems.  However,  the  fact  that  precautions  are  necessary 
is  viewed  as  a negative  impact. 

A»  ■.-■theticr 

Uere  again  the  generally  favorable  inpacts  attributable  to  all  of 
the  NDCP  alternatives  in  terms  of  environmental  quality  serve  to  promote 
the  aesthetic  characteristics  attributable  to  this  alternative.  These 
r . Live  impacts  are  reinforced  by  the  favorable  impacts  on  sensory 

• • . • environmenl  sine  pel  spaci  is  affi irded  by  th<  ' Lemen- 
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Social  Characteristics 


Moderate  negative  impacts  on  residential  land  use  (since  the  land 
would  be  restricted  to  agricultural  use)  and  on  access  resulting  from 
the  reservation  of  large  tracts  of  land  for  wastewater  treatment  and 
agriculture  are  offset  by  the  strongly  positive  impacts  on  recreation 
and  open  space  attributable  to  the  alternative.  When  sludge  management 
by  land  reclamation  is  employed,  small  positive  impacts  accrue  to  the 
social  characteristics  of  residential  activity,  immigration,  cultural - 
educational  activity,  and  community  social  and  political  structure. 

These  impacts  result  largely  from  the  recognition  of  potential  benefits 
that  are  anticipated  for  the  use  of  the  reclaimed  land  area.  When  sludge 
management  is  by  agricultural  utilization,  however,  the  positive  impacts 
on  social  characteristics  disappear  and  the  alternative  is  basically 
neutral  relative  to  Alternative  I. 

ECONOMIC  DEVELOPMENT 

As  with  all  of  the  NDCP  alternatives,  a major  negative  impact  on 
economic  development  arises  in  terms  of  the  energy  requirements  for  the 
operation  of  the  treatment  processes.  These  demands  are  wholly  for 
electrical  energy,  though,  and  when  power  plants  are  sited  on  the  land 
treatment  facilities,  the  aggregate  impact  is  regarded  as  slightly  less 
severe.  Commercial,  industrial  and  agricultural  land  uses  are  subject 
to  slightly-to-moderately  negative  impacts  when  power  plants  are  not  sited 
on  the  land  treatment  areas.  The  assumption  was  made  that  the  total 
amount  of  power  generated  in  the  C-SELM  region  would  be  the  same  regard- 
less of  the  location  of  the  power  generating  facilities.  Since  large 
areas  are  required  for  the  land  treatment  facilities  and  processes, 
the  failure  to  site  power  facilities  on  the  same  land  as  the  treatment 
facilities  must  mean  that  the  power  plants  would  be  sited  in  commercial, 
industrial  or  other  agricultural  land  use  areas  in  competition  with 
those  uses  for  the  space. 

In  the  aggregate,  the  impacts  on  economic  development  attributable 
to  this  alternative  are  slightly-to-moderately  negative.  Most  affected 
are  commercial  and  industrial  production  as  is  true  of  all  the  NDCP  al- 
ternatives. The  remaining  dimensions  of  impact  ( employment , income, 
public  and  private  service,  public  finance)  can  be  viewed  as  spill-over 
effects  from  the  impacts  on  commercial  and  industrial  production.  The 
negative  impacts  are  less  severe  when  power  plants  are  sited  on  the  land 
treatment  areas,  reflecting  the  potential  competition  for  power  and  land 
use  between  commerce  and  industry  on  the  one  land  and  wastewater  treat- 
ment facilities  and  power  generation  stations  in  the  other  hand. 
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lispersed  through  it  the  region.  Sludgf  management  is  by  Land  reclama- 
ti  n or  by  agricultural  utilization.  Potable  water  s pj  fr  rr  p?  u i- 
wat  rand  Lake  Michigan  may,  as  an  apt!  be  augment  by  th  reus< 
of  reclaimed  wastewater.  The  dispersed  land  treatment  process  sites 
offer  some  potential  for  power  plant  siting  as  a synergistic  use  of  stor- 
age lagoons  ani  land  areas. 


OVERVIEW  OF  E-PACTS 


When  land  reclamation  is  employed  for  sludge  management,  the  im;  acts 
Judged  to  result  from  implementation  of  this  alternative  are  remarkably 
similar  to  those  attributed  to  Alternative  III.  A larger  number  of 
unfavorable  impacts  are  attributed  to  the  alternative  when  sludge  iisposal 
is  by  agricultural  utilization. 

ENVIRONMEOTAL  QUALITY 

Health,  Diversity  and  Productivity  of  Plants  and' Animals 

A slightly  negative  impact  on  unique  and  rare  things  is  perceived 
for  this  alternative,  largely  as  a result  of  disruption  hiring  construc- 
tion. The  impact  is  less  negative  than  that  encountered  with  the  wholly 
land  treatment  alternative  (TV)  but  somewhat  more  negative  than  with  the 
17  plant  AB  alternative  (III).  Biotic  communities , in  general,  are 
only  slightly  affected  (mixed  positive  and  negative  impacts).  On  th-'  v.r.  i< 
ecosystem  status  is  reinforced  quite  strongly  as  was  the  case  for  Alter- 
natives III  and  TV  as  well. 


Preservation  or  Enhancement  of  Land,  Air,  and  Water  Resources. 


The  impacts  corrmon  to  all  NDCP  alternatives  contribute  to  the  stroig- 
ly  favorable  impacts  in  this  category.  Soil  quality  is  moderately  en- 
hanced as  a result  of  the  sludge  utilization,  an  impact  generally  c vr.  i. 
to  Alternatives  III  and  TV  as  well.  Air  juallty  impacts  an  slight  Ly 
negative  as  are  mineral  resource  impacts.  Both  of  these  im]  a :ts  arisi 
from  the  treatment  plants  component  of  th<  altemat  ive. 

SOCIAL  'WELL  BEING 


Hygienic  .aracteri  rt  ics 


The  impacts  of  alternative 
region  are  gen'c-:  1 ly  favorable, 
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(surface  ana  groundwater)  provided  by  all  MDCP  treatment,  alternatives. 

The  small  impacts  (mixed  positive  and  negative)  on  air  quality  neither 
contribute  to  nor  detract  from  the  moderately  positive  impact  on  health 
and  safety  in  an  appreciable  amount. 

Aesthetic  characteristics 

This  category  of  social  well-being  is  enhanced  most  strongly  of  all 
by  alternative  V.  Sensory  quality  of  the  environment  (visual  appear- 
ance, odors,  noise,  etc.)  is  moderately  improved  when  land  reclamation 
with  sludge  is  employed,  and  slightly  improved  when  agricultural  appli- 
cation of  sludge  is  used.  The  improvement  in  surface  water  quality  also 
contributes  strongly  to  the  aesthetic  characteristics  of  the  region. 

Social  Characteristics 

The  overall  impact  of  alternative  V on  social  characteristics  is 
positive:  moderately  so  when  sludge  is  utilized  for  land  reclamation. 

The  impacts  on  residential  land  use  are  slight  and  mixed  (positive  with 
land  reclamation,  negative  with  agricultural  utilization  of  sludge). 

Access  (to  transportation,  coirmunication,  public  utilities,  etc.)  is 
moderately  impeded  because  of  construction  activities  and  the  space 
requirements  for  treatment  facilities.  All  other  aspects  of  social  char- 
acteristics (recreation  and  open  space,  residential  activity,  immigra- 
tion, and  cultural-educational  activities)  are  moderately  to  strongly 
enhanced  as  a result  of  the  positive  impacts  on  environmental  quality 
and  social  well  being  described  previously. 

Economic  Development 

The  optional  variations  within  alternative  V produce  varying  degrees 
of  negative  impact  on  economic  development . As  with  all  alternatives 
energy  resources  are  most  negatively  impacted.  Commercial  and  industrial 
land  use  is  subjected  to  a slightly  negative  impact  when  power  generation 
is  not  employed  in  the  land  treatment  areas.  As  a consequence,  comnercial 
and  industrial  production  are  impacted  negatively,  as  is  construction. 

As  was  explained  earlier,  these  impacts  reflect  competition  between  the 
private  and  public  sections  of  the  economy  for  the  region's  resources. 
Other  aspects  of  economic  development  (employment,  income,  public  and 
private  servie,  public  finance,  and  food  production)  are  slightly  en- 
hanced by  the  generally  favorable  environmental  quality  and  social  well- 
being accruing  to  the  region.  Failure  to  take  advantage  of  the  potent ial 
power  synergism  however  produces  sli  -.■/  ...  negal  ' • impacts  hi  these  cate- 
gories when  agricultural  utilization  of  sludge  is  employed,  again  for 
reasons  previously  liscussed. 
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DISCRIMINATING  FEATURES  OF  THE  NDCP  ALTERNATIVES 


Certain  aspects  of  the  NDCP  alternatives  were  of  significant  value  to 
the  evaluation,  since  they  displayed  obvious  differences  between  alterna- 
tives. The  major  differences  in  the  impacts  judged  to  result  from  the  im- 
plementation of  each  of  the  NDCP  alternatives  (II  through  V)  relate  strongly 
to  four  features  or  characteristics  of  the  alternatives:  number  of 
"treatment  plants"  (extent  of  decentralization  as  opposed  to  regionaliza- 
tion for  economies  of  scale);  type  of  treatment  process  employed;  method 
for  sludge  management;  and  power  generation  at  the  land  treatment  sites. 

In  the  following  paragraphs,  the  effect  of  each  factor  is  discussed  in 
terms  of  the  manner  in  which  it  influences  the  overall  impacts  of  the 
alternatives. 

NUMBER  OF  "TREATMENT  PLANTS" 

The  number  of  treatment  plants  or  sites  used  in  structuring  an  al- 
ternative reflects  the  extent  of  decentralization  of  that  alternative. 

In  general,  the  impacts  are  more  favorable  when  larger  numbers  of  plants 
or  sites  are  employed,  for  the  plants  themselves  tend  to  be  smaller  and 
more  widely  dispersed  throughout  the  region.  This,  in  turn,  causes  the 
wastewater  collection  systems  to  be  shorter  and  less  complex,  with  less 
disruption  to  the  region  during  construction.  Since  the  treated  wastewaters 
are  returned  to  the  streams  of  the  region  at  a multitude  of  sites  to  im- 
prove the  streams'  flow  characteristics  for  navigation,  recreation  and 
flood  control  benefits,  the  conveyance  system  needed  to  redistribute  the 
effluent  throughout  the  region  would  also  be  simpler,  require  less  energy 
for  conveyance,  be  cheaper  to  operate  and  produce  less  disruption.  Also, 
the  effluent  tends  to  be  distributed  somewhat  more  uniformly  or  desirably 
throughout  the  region  with  a decentralized  system. 

Recent  studies  have  shown  chat  the  expected  day-to-day  variations  in 
the  performance  of  treatment  plants  can  produce  substantial  v;iriations 
in  the  quality  of  water  in  the  streams  receiving  the  effluents  from  these 
plants.  These  detrimental  effects  on  stream  quality  are  minimized  by 
utilizing  larger  numbers  of  medium-sized  plants  in  preference  to  small 
numbers  of  very  large  plants. 

The  impacts  on  relocation  of  people  relating  to  decentralization 
are  marked,  in  large  measure,  by  the  differences  in  treatment  teclnnology 
and  sludge-management  technology,  but  would  probably  also  reflect  the 
preference  for  decentralization. 


TYPE  OF  TREATMENT  PROCESS 

The  NDCP  alternatives  were  designed  around  three  technologies  for 
wastewater  treatment : advanced  biological  treatment  (AB),  physical- 
chemical  treatment  (PC),  and  land  treatment  by  irrigati  n Lard).  Eav  r- 
':i  1<  and  unfav  ral  impacts  were  ass  :iated  with  each  of  the  technologies, 
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Both  land  and  AB  treatment  offer  better  utilization  of  resources 
than  PC  treatment,  not  only  in  terms  of  the  sludge,  but  also  in  terms 
of  the  chemicals  and  other  mineral  resources  consumed  in  the  treatment 
processes.  The  potential  value  of  the  nutrients  in  wastewater  used  for 
irrigation  was  discounted  by  the  buildup  of  heavy  metals  and  other  com- 
pounds in  the  soil  giving  an  overall  neutral  impact. 

Consideration  of  the  air  pollutant  emissions  expected  from  each  of 
the  technologies  tends  to  favor  land  treatment  over  AB  treatment,  but 
both  are  clearly  more  favorable  than  PC,  the  emissions  of  which  produced 
many  of  the  negative  impacts  associated  with  this  treatment  technology. 

SLUDGE  MANAGEMENT 

Two  sludge  management  options  were  considered  for  the  sludges  pro- 
duced by  the  AB  and  land  treatment  technologies:  land  reclamation  and 
agricultural  utilization.  In  land  reclamation,  the  sludges  are  used  to 
develop  new  topsoil  for  sur face-mined  areas.  Agricultural  utilization 
involves  the  application  of  sludges  to  agricultural  lands  to  serve  as  a 
soil  builder  as  well  as  fertilizer. 

The  most  favorable  impacts  were  judged  to  result  when  the  land  rec- 
lamation option  was  adopted.  In  the  judgnent  of  the  evaluators,  it  repre- 
sented a higher  and  better  use  of  resources,  involved  less  displacement 
of  people,  and  might  even  serve  to  encourage  commerce  and  industry  by 
making  surface  mining  a more  acceptable  technology. 

Agricultural  utilization  of  sludge  was  the  only  option  proposed 
for  PC  sludge  management.  As  such,  agricultural  utilization  was  a com- 
mon option  to  all  NDCP  alternatives.  However,  the  amount  of  land  needed 
to  receive  the  PC  sludge  was  extremely  large  (about  1000  square  miles, 
nearly  10  times  the  area  required  for  AB  or  land  sludge) , and  this  alone 
was  viewed  as  a negative  impact  of  PC  treatment.  Also,  the  sludge  itself 
was  considered  to  be  of  lesser  value  than  AB  or  Land  treatment  sludge. 
Overall,  the  agricultural  utilization  option  for  sludge  management  tended 
to  favor  AB  or  land  treatment  as  preferred  to  PC  treatment. 

POWER  GENERATION  AT  LAND  SITED 


Hie  lagoons  and  associated  lands  needed  as  part  of  the  land  treat- 
ment technology  offered  the  opportunity  for  complementary  use  in  power 
generation,  since  the  land  areas  could  provide  the  necessary  isolation 
arid  buffer  zone  for  the  generating  station  and  the  lagoons  could  be 
utilized  as  cooling  ponds.  In  considering  the  impacts  associated  with 
this  complementary  use,  the  evaluators  assumed  that  future  demands  for 
power  would  be  met  by  generating  capacity  built  within  the  C-SELM  region 
in.  accordance  with  FPC  projections.  Their  evaluation,  then,  reflected 
the  preference  for  generating  power  at  the  land  treatment  sites  as  opposed 
to  elsewhere  In  the  region.  As  a result,  strongly  favorable  impacts 
were  associated  with  the  synergism  of  power  generation  and  land  treat- 
ment: igain  ■!  manifestation  of  the  efficient  use  of  resources.  Indeed, 
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The  evaluation  procedure  was  designed  so  that  th-  I-.:  : ■’  a.:-., 
made  in  the  environmental  and  social  dimensions  ? aid  te  :dh..-:  • 
produce  a composite  total  impact  score  for  ise  in  ranking 
Detailed  analyses  of  these  rankings  are  presented  in  .’(•••  ; . i;. : 

Annex  B of  this  report.  The  fol  wing  paragraphs  ir<  Intended  t 
a cursory  overview  of  the  results. 

RANKING  BY  AVERAGE  IMPACTS 


The  averages  of  the  subjective  assessments  assigned  by  each  evaluator 
for  each  impact  dimension  were  combined  to  produce  an  overall  impact  score 
for  each  of  the  possible  variations  of  the  alternatives  (systems).  When  the 
alternatives  were  ranked  according  to  this  procedure,  Alternative  III  il~ 
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The  reader  should  refer-  to  Section  TV,  Table  E-IV-3  and  Figure 
E-JV-3  for  a complete  presentation  of  the  rankings  by  this  method. 

UNBIASED  AVERAGE  OF  INDIVIDUAL  EVALUATORS'  RANKINGS 

Just  as  the  average  assessments  of  impact  were  used  to  complete 
an  overall  impact  score  for  the  ranking  of  alternatives,  the  individual 
impact  assessments  of  each  evaluator  were  used  to  calculate  overall  im- 
pact scores  peculiar  to  that  individual.  The  scores  and  rankings  cal- 
culated in  this  way  were  analytically  combined  to  reveal  that  the  13* 
evaluators  could  be  consolidated  into  seven  independent  viewpoints  of 
impact.  When  these  seven  viewpoints  were  given  equal  weighting,  the 
average  of  the  impact  scores  from  the  seven  viewpoints  provides  an 
"unbiased"  evaluation  of  the  overall  impact  in  that  all  viewpoints  are 
represented  equally.  These  results  are  discussed  more  fully  in  Annex  B 
of  this  report. 

Following  this  approach  to  impact  ranking,  the  best  three  variations 
in  Alternatives  were  from  type  III,  IV  and  V in  that  order.  The  worst 
alternative  was  type  II,  the  PC  alternative. 

Alternative  III,  in  its  variations,  produced  the  best  average  ranking. 
Alternatives  IV  and  V,  in  their  variations,  were  virtually  tied  for 
second  place  in  the  average  ranking.  Alternative  I was  in  fourth  place, 
while  Alternative  II  was  in  fifth  (last)  place. 

Again,  sludge  management  by  land  reclamation  was  preferred  to  agri- 
cultural utilization;  reuse  was  preferred  for  potable  water  supply;  and 
power  generation  at  the  land  disposal  sites  was  preferred,  where  possi- 
ble,  to  power  generation  elsewhere  in  the  C-SELM  region. 


*Mr . strawhun  did  not  participate  in  the  numerical  evaluation.  He  did 
participate  in  the  group  discussions  as  well  as  offering  narrative  comnents. 


TOTAL  SYSTEM  IMPACTS  IN  THE  PRIMARY  DIMENSIONS! 


■.  good  cr  bad).  These  figures  present  subjective  tssessnent  of  the  direction  and  magnitude  of  change 
icut  deciding  whether  that  change  is  given  a value  of  good  or  bad. 


TOTAL  SYSTEM  IMPACTS  IN  THE  HUMAN  ACTIVITY  DIMENSIONS! 
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SECTION  II:  EVALUATION  METHODOLOGY 


PURPOSE 

The  basic  purpos  of  the  evaluation  procedure  is  to  assure  that  the 
regional  wastewater  management  alternatives  developed  for  the  Chicago- 
South  End  of  Lake  Michigan  Area  (C-5ELM)  are  harmonious  with  the  social 
and  physical  environment.  More  particularly,  the  purpose  of  impact 
evaluation  is: 

(1)  to  show  how  each  alternative  system  affects  human  values  and 
goals  directly  and  indirectly  by  means  of  performance  and  con- 
comitant effects  transmitted  through  changes  in  resources  and 
environment  (including  economic  and  social  as  well  as  physical 
changes);  and 

(2)  to  compare  the  impacts  of  the  several  alternative  systems  in 
such  a way  that  the  relative  desirability  of  the  several  sys- 
tems can  be  determined  qualitatively  and,  if  possible,  quanti- 
tatively. 

A further  purpose  is  to  suggest  areas  where  design  revisions  may 
reduce  undesirable  impacts  or  enhance  desirable  impacts.  To  this  end, 
the  evaluation  procedure  is  specifically  structured  to  explicitly  identify 
the  relationships  between  overall  impacts  and  the  specific  system  compo- 
nents contributing  to  those  impacts. 


overvie://  of  methodology 

It  was  evident  at  the  start  of  this  effort  that  the  state-of-the-art 
and  the  available  data  could  not  support  the  development  and  application 
of  an  analytic,  objective  evaluation  procedure.  Furthermore , given  the 
preliminary  nature  of  the  C-SELM  study , it  was  also  clear  that  a complex , 
mathematical  approach  involving  forecasting  models  would  not  provide  the 
kind  of  information  required  by  designers,  regional  policy-makers , and 
citizens.  Traditional  economic  evaluation  approaches,  such  as  cost- 
benefit  analysis,  could  not  effectively  capture  the  breadth  of  imoacts 
likely  to  occur  due  to  the  implementation  of  a large  scale  wastewater 
treatment  scheme.  On  the  other  hand,  it  was  also  clear  that  a variety  of 
technical  professionals  ccld  contribute  to  the  identification  and  evalu- 
ation of  social -environmental  impacts  through  the  application  of  their 
trained,  subjective  judgment . It  would  be  necessary,  of  course,  to  involve 
a group  of  qualified  evaluators,  since  no  one  individual  could  possess  the 
knowledge  required  to  assess  all  the  Impacts.  This  had  to  be  accomplished 
in  a systemvatic  fashion  to  insure  that  the  resulting  product  would  not  only 
identify  the  most  and  least  desirable  alternatives,  but  would  also  describe 
why  such  alternatives  were  good  or  bad. 
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number  of  subjective  impact  assessment  techniques  have  been  re- 
• rted  in  th<  : rature,  but  each  of  these  is  deficient  in  some  way. 

For  example,  the  concept  of  displaying  subjective  estimates  of  environ- 
mental v" '.sequences  of  public  investments  in  the  form  of  tables  or 
matrices  has  been  pi*  posed  and  applied  by  several  researchers . Generally 
these  techniques  treat  alternative  systems  as  large,  indivisible  units, 
requiring  that  evaluators  capture  the  particular  impacts  of  all  aspects 
f eacl  alternative  in  a single  judgment.  Yet  the  concepts  proposed  for 
the  C-SEXM  area  are  of  such  scale  and  complexity  that  one  can  only  hope 
to  understand  them  by  dealing  with  each  of  their  component  Darts  sepa- 
rately. In  addition,  the  processes  by  which  the  impacts  themselves  take 
place  are  too  complex  to  be  treated  effectively  by  single,  subjective 
judgments.  Thus  it  seemed  desirable  to  examine  the  impact  process  in  a 
step-by-step  fashion.  Therefore,  there  was  a need  to  disaggregate  the 
evaluation  from  the  points  of  view  of  both  the  components  of  the  alter- 
natives and  the  impact  development  process. 

A second  problem  associated  with  available  subjective  evaluation 
methods  is  that  they  have  been  designed  primarily  for  use  by  single 
evaluators,  "heir  structures  and  application  processes  do  not  facilitate 
the  use  of  groups  of  expert  evaluators.  Yet  the  breadth  of  impacts  likely 
to  occur  due  to  the  implementation  of  the  C-SELM  wastewater  management 
alternatives  exceed  the  comprehension  and  knowledge  of  any  single  evaluator. 

Finally,  available  methods  were  very  general  in  nature,  and  did  not 
respond  to  the  specific  characteristics  of  the  C-SFLM  design  concepts. 
Therefore,  such  methods  did  not  support  a systematic  evaluation  of  the 
alternatives  to  be  considered  in  this  study. 

rnhese  deficiencies,  in  light  of  the  nature  of  the  problem  of  evalu- 
ating the  C-SEIM  alternatives,  provided  guidelines  for  the  development  of 
a new,  advanced,  and  more  responsive  strategy  for  evaluation.  The  strategy 
described  and  applied  here  considers  the  impacts  of  the  various  components 
of  each  alternative,  treats  the  impact  process  as  a multi-step  process, 
promotes  interaction  between — ana  captures  the  judgments  of — a group  of 
technical  evaluators,  and  responds  to  the  specific  nature  of  the  C-SEIM 
alternatives.  "Fee  evaluation  methodology  is  used  also  as  a tool  to 
stimulate  the  evaluators  in  preparing  verbal  descriptions  of  the  impacts. 
Furthermore,  experience  has  shown  that  the  evaluation  methodology  has  the 
capability  to  clearly  differentiate  between  alternative  system  designs 
and  to  identify  the  factors  influencing  the  preferences  of  the  evaluators. 

It  exhibits  highly  consistent  performance  over  a series  of  evaluation 
rounds,  and  it  is  easily  adapted  to  new  alternatives  and  new  viewpoints. 
Finally,  while  the  approach  may  appear  to  be  somewhat  complex,  it  was 
found  that  evaluators  from  a variety  of  backgrounds  had  little  difficulty 
in  understanding  and  working  with  the  technique. 


The  approach  taken  was  the  development  of  a series  or  chain  of  impact 
tables  (matrices)  through  which  the  impact  of  a particular  system  component 
■ ild  be  ‘ : juantitatively , firsl  sn  sel  >f  primary  impact  Largely 

nvir  ■ irrv ;ntal)  limensions  and,  1 igi  them,  on  a set  of  human  act  ivit  ies. 


Independently , the  relative  desirability  of'  enhancing  or  reinforcing 
each  of  these  human  activities  within  the  study  area  (C-SELM)  could  be 
estimated , thereby  providing  a weighting  scale  for  the  activities.  Once 
the  impacts  had  been  assessed  through  the  primary  impact  (environmental) 
dimension  to  the  human  activities,  the  activities  weighting  scale  could 
be  applied  to  the  impacts  and  the  weighted  impacts  summed  over  all  activ- 
ities to  produce  a tcta^  score  for  that  system  element,  'he  algebraic 
sum  of  the  scores  for  all  elements  conprising  a system  becomes  the  system 
score. 

The  A-matrix  describes  the  magnitude  and  direction  of  the  impacts  of 
each  element  of  the  alternative  systems  on  the  primary  social -environmen- 
tal dimensions.  The  B-matrix  describes  the  magnitude  and  direction  of  the 
effect  of  a change  in  each  primary  social-environmental  dimension  on  each 
of  an  identified  set  of  important  human  activities.  The  product  of  the 
A and  B matrices,  the  C-matrix,  relates  system  elements  to  human  activity 
impacts.  The  vector  V describes  the  relative  importance  of  each  human 
activity;  when  multiplied  times  the  C-matrix,  it  produces  a total  human 
impact  score  for  each  system  component.  System  scores  may  then  be  devel- 
oped by  adding  the  appropriate  element  scores. 


Prom  a mathematical  standpoint,  the  evaluation  procedure  is  best 
described  as  a sequence  of  matrix  and  vector  multiplications. 
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Each  of  these  components  will  be  described  in  greater  detail  subsequently. 
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"lie  function  of  the  evaluation  : a*.--',  .cu  ■: 

(1)  to  construct  (through  group  c m.cuc)  the  Lt.-s  ..f  primary 
impact  and  human  impact  dimensions  (•  lement.-)  through  which 
the  impacts  are  assessed; 

(2)  to  assess  the  magnitude  and  direction  ■ f Impact  r ear:  impact 
linkage  (system  element  to  primary  impact  dimension;  primary 
impact  dimension  to  human  impac4-  dimension);  and  "c  assess  the 
relative  priorities  to  be  assigned  t the  various  human  activities; 

(3)  to  prepare  written  comments  on  the  nature  if  the  impacts;  and 

(4)  to  suggest  opportunities  for  redesign  of  alternatives  or  their 
elements . 


Members  of  the  evaluation  panel  have  also  played  a sigr:l:'i"int  roie 
in  promoting  the  structured  evolution  of  the  evaluation  methodology 
thereby  assuring  that  the  methodology  is  responsive  to  the  characterist i.v 
of  the  alternatives  and  their  impacts.  The  evaluators  ised  the  mi 
described  in  this  report  during  three  separate  system  cvaluaM  n v 
After  each  round,  a report  was  compiled  to  sere- • as  the  basis  f r 
prior  to  the  next  round.  This  report  focuses  on  the  result  • f the  tl  ' , 
and  final,  round. 

At  the  start  of  an  evaluation  each  evaluator  was  pr  vil-  i with  ext  ■ • - 
sive  written  documentation  (engineering  specificati  ns ) m tic-  •I  vrac'-u- 
istics  of  the  alternatives . A formal  briefing  sessi  n n rma] Ly 
ar:  entire  day,  was  then  held  to  allow  evaluators  * ' impres- 

sions of  the  alternatives  and  provide  an  opportunity  for  the  exchrmre 
ideas.  Similarities  and  differences  among  syst  ms  >ys1  i ments  wen 
stressed,  [her  eacl  valuator  Lndepei  lent  y assessi  i th<  ma©iit  id< 
and  direction  (+  or  -)  0f  impact  f r ■ a :h  element  f eac!  imj  a :t  tal 

• iurrently , he  [ r<  •;  are  J writ  ten  ■ mm  ntary  i d issessmenl  t aid  ii 

• irpreting  the  evaluations  and  to  allow  for  inclusi  rt  Li  f - 

mat  ion  not  well  suited  to  the  juantitative  evaluat  i v.  ».*•  • ; .•  :•  Hvi  in 
as; * *nt  re  ion?  ted,  the  results  for  all 

■ he  syst  ■ ms . H i s<  sarra  tables  and  ti  ra  and 

:om  ts  were  presented  1 tl  para  in  co  :ti  iefjj 

aid  additional  ■ mm >nts  and  veral  impacl  va  lati  : . 

A‘  this  point,  evaluators  were  given  ‘ h : i mTv  * ••  •: 

numerical  impact  •vtimatos  and  to  make  additiona!  wr:,‘  ■ • . 


These  formed  the  basis  of  the  impact  evaluat  5 - :■  ■ rt.  ' n - : ■ 
intended  tc  provide  information  to  support  the  selection  and  not  to  make 
the  selection  of  the  most  appropriate  alternative  for  implementation  from 
a regional  social -environmental  perspective. 


It  is  important  to  recognize  that  each  of  the  dimensions  of  impact 
is,  itself,  a complex  multifaceted  entity.  The  totality  of  impact  in 
each  dimension  is  the  aggregate  of  impacts  ascribed  to  the  many  sub- 
dimensions which  comprise  it.  Each  evaluator,  when  assessing  impact  in 
a particular  dimension,  called  upon  his  own  special  competencies  or  exper- 
tise to  identify  those  sub-dimensions  of  impact  on  which  his  assessment 
was  based  and  the  magnitude  of  impact  in  those  sub-dimensions.  Group  * 
consensus  was  not  expected.  Rather,  the  accumulation  of  impacts  over  the 
broad  variety  of  disciplines  represented  by  the  evaluation  team  insured 
that  each  dimension  of  impact  was  considered  from  a variety  of  viewpoints 
and  that  the  total  (or  average)  impact  ascribed  to  that  dimension  was  the 
best  overall  estimate  of  impact.  As  will  be  shown  later,  the  diversity 
of  assessments  among  the  members  of  the  evaluation  panel  was  used  to 
identify  a variety  of  viewpoints  from  which  the  Impacts  of  the  wastewater 
management  alternatives  may  be  assessed.  (See  Annex  B.  This  annex  is 
highly  technical  and  will  be  of  greatest  use  to  those  persons  familiar 
with  the  types  of  analysis  performed.) 


ALTERNATIVES , ELEMENTS  AND  SYSTEMS 

Each  of  the  five  wastewater  management  alternatives  considered  in 
this  final  round  is  comprised  of  a number  of  functional  components,  some 
of  which  are  unique  to  a particular  alternative,  while  others  are  common 
to  several  alternatives.  In  addition,  optional  components  have  been 
identified  whereby  certain  functions  of  an  alternative  may  be  dealt  with 
in  two  different  ways.  For  two  alternatives,  optional  additional  functions 
have  been  identified  and  characterized  as  "add-on”  components.  The  major 
categories  of  functional  components  are  the  following: 

Collection,  transportation  and  storage  of  incoming  wastewater 
(including  stormwater  collection  and  treatment,  where  applicable); 

Wastewater  treatment  processes  and  facilities; 

Sludge  management  methods; 

Treated  water  quality  and  patterns  of  distribution  (throughout  the 
C-SELM  area)  for  navigation  and  recreation; 

Potable  water  supply  or  reuse  strategies; 

rati  n (as  an  add-on  to  the  land  tr<  atm  nt  altemati 

■ . p : • ; ■ :omponents  wi thin  1 maj  ate- 

pri  r {uir  1 thi  identificati  t f sub-c  mj  nenl 

riati  :•  i 1 : f fui  Iona  1 1 . 

* Advantage  of  group  evaluation:  resulted  in  communication  between 

disciplines;  group  meetings  were  held  to  strengthen  the  airily  i . 
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■ .!■■•*  i.  transportation  and  storage  element  of  a 33  plant  system  was 
11  ff  3 • from  that  of  a 17  plant  system.  A particular  wastewater  man- 
agement  alternative  can  be  described,  then,  by  a s<  t >f  -lements  selected 
‘ m the  six  functional  categories,  one  element  from  each  category.  If 
. ptional  el  -ment  for  any  alternative  exists  within  a particular  cate- 
■ . ,:i  as  .fa  disposal  by  agricultural  utilisation  or  by  land 
iti  twc  sets  of  elements  for  that  alternative  were  identified, 

■ nil  in  particular  optional  elements  included  in  each  set. 

is.  useful  to  consider  each  set  of  elements  as  representing  a 

wat<  r management  system,  in  as  much  as  it  represents  a :■  Lete 

in  one  of  its  variant  forms.  For  any  particular  alternative, 
a v.  -”1  r of  systems  (different  sets  of  elements)  may  exist  all  of  which 
Zf  ther  express  the  possibilities  for  variation  within  that  alternative. 

.•YF'  FM  FLEMEMTS  (S-VECTOR) : 

A modular  approach  was  taken  to  the  identification  of  system  elements. 
Each  system  was  analysed  in  terms  of  the  independent  elements  of  which  it 
is  composed.  These  components  make  up  the  "S"  vector. 

Because  there  are  interactions  among  the  major  categories  of  func- 
t ional  components  described  previously,  it  is  necessary  to  cross-class ify 
into  independent  elements.  For  example,  evaluation  of  the  sludge  manage- 
menl  impact  must  consider  net  only  the  particular  type  of  sludge  manage- 
ment proposed,  but  also  the  nature  of  the  treatment  process  that  has  pro- 
tuced  ■ he  sludge.  Hie  c omprehens i ve  "S"  vector  for  the  wastewater  manage- 
ment alternatives  is  as  follows: 

.'•■ll^ction.  Transportation  and  Storage. 

Included  in  this  category  are  all  wastewater  and  storm  water  collection 
systems,  access  points  and  punping  stations,  tunnels,  and  other  appurten- 
ances needed  to  convey  the  wastewater  and  storm  water  to  the  appropriate 
treatmenl  f;  :i] Lties.  Where  treatment  of  separate  storm  water  is  proposed, 
thos<  facilities  ir  included;  ind  th<  "open  space"  j tential  f special ized 
storm  water  storage  and  treatment  facilities  is  also  evaluated  in  this 
category . 

Since  the  impacts  >f  this  category  vary  among  the  systems  accor  Mng 

■ ; : f agg it : a f th<  treatment  facilities , (the  number  of 

treatment  plant  s.  it.  tfr-  region)  the  following  independent  subcategories 
wuv  utilized  in  the  evaluation: 

:m  witl  s tr<  itmenl  f ■ parated  " m w<  iter 

(referer ee  system) ; 

plant  system,  i ; th<  N Discharg  f ' 

s‘.'uidard; 


V ; * i *.al  f ■>!  lut  ant  .■ 


4.  Land  Disposal,  distributed  sites,  NDCP; 

5-  5 plant  plus  distributed  land  system,  NDCP. 


Treatment  Processes  and  Facilities. 


This  category  requires  that  the  treatment  facilities  and  process  be 
viewed  as  "factories"  with  attendant  impacts  transmitted  through:  the 

number,  size  (space),  and  location  of  such  facilities;  the  aesthetic 
characteristics  such  as  noise  and  appearance,  etc.;  air  pollution  and 
odors;  and  the  resources  consumed  in  the  construction  and  operation  of  the 
facilities.  Where  land  disposal  systems  are  involved,  the  inpact  of  the 
open  space  acquired  under  the  land  system  is  evaluated  here.  Note,  how- 
ever, that  the  impacts  of  liquid  effluent  and  sludge  disposal  are  evaluated 
elsewhere . 


The  subcategories  differ  according  to  the  number  and  location  of 
facilities  and  treatment  processes  involved: 

6.  64  plant  conventional  biological  treatment  system  (CB); 

7.  33  plant  physical-chemical  treatment  system  (PC); 

8.  17  plant  advanced  biological  treatment  system  (AB); 

9.  Land  - disbributed  treatment  sites  (DL); 

10.  5 AB  plants  plus  distributed  land  sites  (5  AB  + L). 

Sludge  Management  Methods. 

All  aspects  of  sludge  management  are  considered  within  this  category, 
including  the  transportation  of  the  sludge  to  the  disposal  site  and  storage 
facilities  as  needed.  Open  space  impacts  of  the  sludge  disposal  areas  are 
included. 

The  subcategories  differ  according  to  the  number  and  location  of  dis- 
posal sites  and  the  type  of  sludge  involved: 


11. 

Agricultural 

disposal , 

12. 

Agricultural 

disposal, 

13. 

Agricultural 

disposal , 

14. 

Agricultural 

disposal , 

15. 

Agricultural 

disposal , 

16. 

Land  reel, anal 

: ion,  AB  or 

■ i Sffl  ■■  ..  jndj  1st rlt  it  I f Navlgat 1 i B at  1 n . 

Ih  maj  r impacts  f th<  s v ra  wastewal  r manager:  nt  systems  i the 
wat  r res  trees  f th  n tion  in  transmitt  t 1 1 r - t Is  :at<  ? ry . 
nclud  : ir  ich  fact  rs  is  effluent  and  str  in  v,  r ' ■ standards; 
ffl  nt  iistribution  throughout  th  region  for  navigation,  recreation  and 
stream  us  ; but  not  supply  f wat  er  t<  ; tal  wat  *r  need  :enters.  rhe 

' ra  ict  f transportati  facilities  needed  t redistribut  tl  watei 
thr  . " it  • !.■ e regii  n is  a s I gnifi  :an 4 :onsideratiot  here. 

Althougi : tht  exact  quantities  of  water  j !ac--d  !:.  --ach  .-tr- -:>jn  f * he 
region  will  differ  only  slightly  according  to  the  number  and  location  of 
treatment  facilities,  the  extent  of  the  conveyance  system  Is  heavily  de- 
pendent on  the  number  and  location  of  treatment  facilities,  "lie  subcate- 
gories reflect  these  variations: 

17.  Navigation  - recreation,  64  plants; 

18.  Navigation  - recreation,  33  plants; 

19.  Navigation  - recreation,  17  plants; 

20.  Navigation  - recreation,  distributed  land; 

21.  Navigation  - recreation,  : AB  + iistrit  ited  Land. 

Potable  Water  Supply  or  Reuse. 

In  this  category,  the  impacts  of  two  alternative  approaches  to  me- -t.  1 nr 
the  future  demands  for  potable  quality  water  were  considered:  continue! 

withdrawal  of  Lake  Michigan  water  to  supplement  groundwater  supplies  or 
the  recycling  of  substantial  quantities  of  treated  wastewater  for  re  is- < 
so  as  to  avoid  exceeding  the  present  allotment  for  diversion  of  Lake 
Michigan  'water.  In  either  case,  it  is  presumed  that  the  water  would  be 
further  processed  (by  water  treatment  plants)  before  use  us  a potable 
supply.  The  subcategories  or  elements  are: 

Potable  needs  supplied  through  additional  iiversi  t fr  m Lake 
Michigan  (LM); 

23.  Potable  needs  supplied  (in  part)  by  reuse  of  4 routed  wast-'wuter 
(R). 

Power  Synergism 


Although  power  generation  is  not  specifier!  i 1 v a 1 -it4  f ward  ewator 
t reat  m sal  the  Land  treat  nt  nt  alternative:  utiliz  :ertain  • rrq  • sats  as 
part  ft)  : treatment  pr  'ess  t it  sould  bi  is<  1 Lr  :onbinat  i 1 witl  : >w<  *r 
generation:  large  tracts  of  lant  and  large  wastewater  u i,de  4 ! .rat  >■  aid  1 • 

ised  for  ■ Ling.  For  th<  purpos<  "’mu'-  eva  ation,  Lt  was  • 
that  future  ir  T‘-a  • it.  power  Hnand  iu  the  -ion  will  l ••  mol.  Iv 
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power  generating  stations  built  within  the  area.  The  impact  of  siting 
such  power  plants  within  the  proposed  land  disposal  areas  for  Alterna- 
tives IV  and  V was  evaluated  relative  to  the  impacts  of  siting  such  plants 
elsewhere  within  the  C-SELM  area.  The  system  elements  are: 

24.  Power  at  undesignated  location  in  C-SELM,  not  linked  to  the 
wastewater  management  system; 

25.  Power  plants  located  within  some  distributed  land  treatment 
sites ; 

26.  Power  plants  located  within  some  land  sites  in  the  5 plant 
plus  land  system. 

The  26  subcategories  comprise  the  comprehensive  S vector  (list  of 
system  components)  representing  all  elements  of  all  alternative  systems. 

Each  system  can  be  described  and  evaluated  using  one  subcategory  from 
each  major  category.  In  the  following  system  matrix.  Table  E-II-1, 
the  subcategories  for  each  system  are  identified  by  the  locations  of  the 
l's  in  the  matrix  row  associated  with  that  system.  Wherever  options 
exist,  the  optional  subcategories  are  identified  with  2's.  The  26  ele- 
ments describing  the  5 alternatives  can  be  combined  in  23  different  ways 
or  variations.  Thus,  the  5 alternatives,  with  options,  are  in  reality 
23  distinct  systems.  These  systems,  and  the  system  elements  comprising 
each,  are  described  in  Table  E-II-2,  Alternative  I requires  but  one  sys- 
tem to  describe  its  variations;  Alternative  II  requires  2 systems;  Al- 
ternative III  requires  4 systems;  Alternative  IV  requires  8 systems; 
and  Alternative  V requires  8 systems. 

C-SELM  REGION 

For  the  purpose  of  evaluating  impacts  produced  by  wastewater  manage- 
ment alternatives,  the  Chicago-South  End  of  Lake  Michigan  Region  was 
defined  to  include  not  only  the  basic  area  surrounding  Lake  Michigan, 
but  also  such  interior  lands  as  are  traversed  by  or  utilised  as  part 
of  any  wastewater  management  or  sludge  management  system.  The  impacts 
are  reported  in  terms  of  the  aggregate  effect  over  all  areas  involved, 
and  are  not  specific  to  any  local  area. 

PRIMARY  IMPACTS  OF  SYSTEM  ELEMENTS  (MATRIX  A) 

In  this  table  the  linkages  between  system  elements  aid  primary  im- 
pact dimensions  are  identified  so  that  the  impact  of  each  system  element 
on  each  primary  impact  dimension  can  be  assessed. 

Primary  Impact  Dimensions  (E  Vector):  A primary  impact  dimension 

is  defined  as  something  in  the  environment  that  is  a plausible  candi- 
date for  change  (impact)  resulting  from  the  construction  or  operation 
of  the  system  elements.  An  attempt  has  been  made  t<  c< ver  ‘ l w) 
range  of  primary  impact  change  in  independent  categories  thf  are  general  am 
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TABLE  E-II-2 
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SYSTEM  LIST  --  NUMERICAL  ORDER 


SYSTEM 

.SYSTEM 

SYSTEM 

i 

SYSTEM 

NUMBER 

TYPE 

DESCRIPTION 

ELEMENTS 

Plant  Sludge 

Pot  at)  le 

Power 

Supply 

1 

I 

64 

agr 

L.M. 

no 

1 ,6,11  ,17,22,24 

2 

II 

33 

agr 

L.M. 

no 

2,7,12,18,22,24 

3 

II 

33 

agr 

R. 

no 

2,7,12,18,23,24 

4 

III 

17 

agr 

L.M. 

no 

3,8,13,19,22,24 

S 

III 

17 

agr 

R. 

no 

3,8,13,19,23,24 

6 

III 

17 

1 and 

L.M. 

no 

3,8,16,19,22,24 

7 

III 

17 

land 

R. 

no 

3,8,16,19,23,24 

8 

IV 

111. 

agr 

L.M. 

no 

4,9,14,20,22,24 

9 

IV 

DL 

agr 

R. 

no 

4,9,14,20,23,24 

10 

IV 

DL 

agr 

L.M. 

yes 

4,9,14,20,22,25 

11 

IV 

DL 

agr 

R. 

yes 

4,9,14,20,23,25 

12 

IV 

DL 

land 

R . 

no 

4,9,16,20,23,24 

13 

IV 

DL 

land 

L.M. 

no 

4 ,9 , 16,20,22,24 

14 

IV 

DL 

land 

R. 

yes 

4#9,l(>f20,23,2S 

IS 

IV 

DL 

land 

L.M. 

yes 

4,9,16,20,22,25 

16 

V 

S + L 

agr 

L.M. 

no 

5,10,15,21 ,22,24 

17 

V 

1 

S+L 

agr 

R. 

no 

5,10,15,21,23,24 

18 

V 

S + L 

agr 

L.M. 

yes 

5,10,15,21 ,22,26 

19 

V 

5+1. 

agr 

R. 

yes 

5,10,15,21 ,23,26 

20 

1 V 

S + L 

land 

L.M. 

no 

5,10,16,21,22,24 

21 

V 

S + L 

1 and 

R. 

no 

Sf  10,16,21  ,23,24 

22 

V 

5 + L 

land 

L.M. 

yes 

5,10,16,21 ,22,26 

23 

V 

1 and 

R . 

yes 

,5,10,16,21 ,23,76 

* r refers  to  conventional  biological,  II  to  physical -chemical  , 
III  to  advanced  biological,  IV  to  distributed  land,  and  V to  i 
5 plant  plus  land  treatment  system. 


simple  enough  to  be  understood  by  the  evaluators.  The  dimensions  are  as 
foi  .1  ows : 


1.  Surface  Water  Quality; 

2.  Surface  Water  Quantity  (temporal  and  spatial  availability; 
flood  prevention  or  diminution) ; 

3.  Subsurface  Water  (Groundwater)  Quality; 

4.  Subsurface  Water  (Groundwater)  Quantity  (availability); 

5.  Air  Quality; 

6.  Sensory  Quality  of  the  Environment  (appearance,  noise,  odor,  etc); 

7.  Residential  Land  Use  (Present  and  potential); 

8.  Commercial  and  Industrial  Land  Use  (Present  and  potential); 

9.  Agricultural  Land  Use  (Present  and  potential); 

10.  Recreation  and  Open  Space  Land  (Present  and  potential); 

11.  Soil  Quality; 

12 . Mineral  Resources ; 

13.  Energy; 

14.  Access  (transportation,  communication,  water  and  wastewater 
service) ; 

15.  Biotic  Communities  (terrestrial  and  aquatic); 

16.  Unique  or  Rare  Things  or  Species. 

For  each  dimension,  a check  list  was  prepared  to  guide  the  evaluators 
as  to  the  kinds  of  impacts  to  be  included  in  that  dimension.  The  check 
list  was  not  intended  to  be  comprehensive  or  exhaustive  but  simply  illus- 
trative. Each  evaluator  was  free  to  determine  the  components  he  felt  to 
be  relevant  to  that  dimension.  The  check  list  for  Primary  Impact  Dimen- 
sions (E  vector)  is  shown  as  Table  E-II-3. 

The  impact  of  each  system  element  on  each  primary  impact  dimension 
was  rated  on  a scale  of  -3  (extremely  negative)  to  +3  (extremely  positive), 
with  positive  connoting  improvement  or  enhancement.  A neutral  inpact 
(score  = 0)  could  have  been  assigned  if  desired.  For  example,  a storm 
water  collection  system  might  have  a +2  inpact  (moderately  positive)  on 
surface  water  quality  but  a -1  impact  (slightly  negative)  on  energy.  The 
rating  form  used  by  the  evaluators  to  assess  these  direct  inpacts  is  shown 
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2.  Surface  water  quantity 

lb  what  extent  will  the  spatial  and  temporal  distribution  of 
surface  water  be  improved  (+)  or  degraded  (-)? 

3-  Subsurface  water  quality 

To  what  extent  will  the  quality  of  subsurface  water  be  improved 
(+)  or  degraded  (-)? 

4.  Subsurface  water  quantity 

To  what  extent  will  the  availability  of  subsurface  water  increase 
(+)  or  decrease  (-)? 

5.  Air  quality 

To  what  extent  will  air  quality  be  improved  (+)  or  degraded  (-)? 

6.  Sensory  quality  of  the  environment 

To  what  extent  will  the  sensory  quality  of  the  environment  be 
improved  (+)  or  degraded  (-)? 

7.  Residential  land-use 

To  what  extent  will  residential  land-use  be  enhanced  (+)  or 
damaged  (-)? 

8.  Cormercial  and  Industrial  land-use 

To  what  extent  will  commercial  and  industrial  land-use  be 
enhanced  (+)  or  damaged  (-)? 

9.  Agricultural  land-use 

To  what  extent  will  agricultural  land-use  be  enhanced  (+)  or 
damaged  (-)? 

10.  Recreation  and  open  space 

To  what  extent  will  recreation  and  open  space  land  be  enhanced 
(+)  or  diminished  (-)? 

11.  Soil  quality 

To  what  extent  will  agricultural  and  mechanical  properties  of 
the  soil  be  improved  (+)  or  damaged  (-)? 

12.  Mineral  resources 

To  what  extent  will  availability  and  quality  of  mineral  resources 
be  improved  (+)  or  damaged  (-)? 
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: . .nergy 

• what  • rtent  will  the  simply  f et  rgj  be  inert  : + 

:•  ■f-'-i.  -)? 


xt enl  is  ransj  rtatl  , i ties  and 

' ' ins .povt  u + • ■ image-- i - 

1 • "'-°t  i1-1  c'Kr::' :nit  it  ■■ 

. iat  xt t *; it  a1--  : ' • ' ■ c 1 xt'  . (+)  r iamaged  (-)? 

’ . ''niquo  or  rarv  t hings 

what  extent  are  unique  or  rare  things  enhanced  (+)  or 
iamaged  (-)? 


TABLE  E-II-3 


CHECKLIST  VECTOR  E 
PRIMARY  IMPACT  DIMENSIONS 


1.  Surface  Water  Quality 

Sensory:  taste,  odor,  color,  turbidity,  suspended  and  floating  mat- 

ter, algae,  oil  and  grease,  phenols,  temperature; 

Nutrients:  phosphorus,  nitrate  nitrogen,  total  organic  nitrogen, 

carbon  (TOC,  COD,  BOD),  dissolved  oxygen; 

Mineral  content:  pH,  alkalinity,  hardness,  trace  elements,  salts, 

gaseous  products,  accumulated  residues; 

Health  aspects:  total  coliform,  fecal  coliform,  fecal  streptococci, 

protozoa,  insects  and  insect  larvae,  toxic  substances  (including 
pesticides  and  herbicides),  radioactive  substances. 

2.  Surface  Water  Quantity 

dilution  water;  water  supply:  municipal,  agricultural,  industrial, 

recreational;  water  supply  storage;  flooding;  sediments:  erosion, 

deposition,  transportation;  navigation;  lake  levels;  hydroelectric; 
spatial  distribution,  tenporal  distribution. 

3.  Subsurface  Water  Quality 
see  surface  water  quality 

H.  Subsurface  Water  Quantity 

water  supply:  municipal  wells,  private  wells;  ground  water  recharge: 

confined  and  unconfined  aquifers. 

5.  Air  Quality 

gases:  SOp,  SO^;  N0o,  NO^,  CO,  C0o;  hydrocarbons,  aldehydes. 

particles:  nonviable:  aerosols,  mists,  dust,  smoke;  viable:  pollen 

grains ; micro-organisms : algae , fungi , molds , yeasts , smuts , rust , 

spores , bacteria . 

climate:  atmospheric  moisture  (humidity,  cloud  cover,  fog,  precipi- 

tation) temperature,  wind. 

6.  Sensory  Quality  of  Environment 
noise,  odors,  vi.  ual , irritants. 
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foruiiit 
clay  mir 
activity. 

trace  ■ Leire  nts,  salts,  s irface  icver,  stability  fact  r aider 
stresses  of  development  and  natural  weathering;  mass  movement  md 
erosion  processes ; 

slope  factors,  soil  biota. 

12.  Mineral  Resources  (all  phases  excluding  watt  r res  urces 

reclamation  from  processes,  coal,  natural  gas,  li  juid  petr  r.  gas 
nonmetallic  mineral  r- •sources  (crushed  stone  and  aggregate,  sped  a 
sands,  sand  and  gravel,  gravel,  high  magnesium  dolomite,  ‘.hi.  calc: 
dolomite,  lightweight  aggregate,  gypsum,  ceramic  clays,  dimsrsior 
s*-one  (limestone,  dolomite). 

13.  r.ner&/  (Relative  to  available  supply) 
demand,  production,  consumption. 

14.  Changes  of  Access 

transportation , communication,  services  (sew<  . s<  vl  ••  , wat<  r supj  - 
etc. ) . 

lb.  Biotic  Comnunities  (Quality  as  affected  by  chanr-a  in  the  quality 
f water,  air',  and  s 11  is  lescribed  ab  v<  — .g. , eutr  phi  rat  ’ n) 

terrestrial  communities  (woodlands , grass  lands  , -t.  1 ar : : , 

Land  planl  • (trees,  shrubs , herbs , 1 1 passes) , 

i.  :: Ls  (birds , marnna Ls,  reptile:  , an  hlbihia,  i ects,  t . 
soil  biota  (fauna  (macro-,  ceso-,  n:  -)  an  i :'l  : a , 

dispersal  (barriers.  corridor:'.); 

aqual  1 ■ c mm mities  k<  lichigan,  ■ , and  is , 

iquatic  plants,  phytoplankta,  iu.ati  ril  plankta,  ir 

...  . ;ea,  moll  a , fi  benthic  Lot  . iisi 


■ , mfiltratl  1 ■ nacity, 

• ■ : ;ition,  ngin  er! 

• In  i ad  b<  aring  'a:  a rity  ; 


cultural  sites  and  artifacts  (archaeological,  historical);  scientific 
sites  (physical:  features  related  to  rleistocene  glaciation  and 

relics  of  Lake  Michigan  development,  Silurian  reef  structures  (in 
quarries),  Kent land  dome,  Indiana  Dunes  National  Lakeshore:  present 

area,  proposed  additions,  terminal  moraines,  kettle  lakes  (many  are 
now  bogs),  kames,  eskers,  or  ice  crevasse  fillings,  sand  dunes  asso- 
ciated with  glacial  Lake  Chicago  shorelines  and  the  Kankakee  outwash 
plain;  ancestral  Lake  Michigan  shoreline  remnants,  bedrock  exposures 
of  Silurian  and  Devonian  carbonate  rocks , Devonian  Antrim  shale  and 
Pennsylvanian  Mansfield  sandstone;  biological:  organisms  dependent 

upon  certain  habitats  and/or  with  restricted  ranges;  endangered 
species:  (ecosystems  - characteristic  of  or  unique  to  this  area) 

scenic  sites ; unspoiled  views ; unusual  land  forms . 


TRANSLATION  OF  PRIMARY  IMPACTS  INTO 
HUMAN  ACTIVITY  IMPACTS  (MATRIX  B) 

The  primary  inpact  parameters  of  the  A matrix  are  significant  largely 
to  the  extent  that  they  enhance  or  detract  from  human  activities,  human 
health  or  ecosystem  status.  These  impact  areas  were  described  in  nineteen 
dimensions,  collectively  called  the  human  activity  impacts: 

1 . Commercial  Production ; 

2.  Industrial  Production; 

3.  Food  Production  (Agriculture); 

4.  Construction  Services; 

5.  Public  Service; 

6 . Private  Service ; 

7.  Residential  Activity; 

8.  Immigration  (into  C-SELM  region); 

9.  Population  Density  Increase  (shifts  within  C-SELM  region) ; 


lu.  Health  arid  Safety; 


11 . Enployment ; 

12 . Income ; 

13.  Cultural  & Educational  Activities; 
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14.  Public  Finance; 

15 . Recreation ; 

16.  Aesthetics  of  Area; 

17-  Ecosystem  Status; 

18.  Community  Political  Structure; 

19.  Cormunity  Sociological  Structure. 

Again,  a check  list.  Table  E-II-5,  is  used  to  further  describe  the  nine- 
teen dimensions  of  human  activity  to  the  evaluators. 

Matrix  B traces  the  linkages  and  inpacts  of  each  primary  inpact  dimen- 
sion on  each  dimension  of  human  activity.  More  particularly,  it  measures 
(as  impact)  the  sensitivity  of  human  activity  to  a positive  change  in  each 
primary  impact  dimension.  A human  impact  was  considered  to  be  positive 
if  it  increased,  enhanced  or  reinforced  the  particular  human  activity; 
otherwise,  it  was  negative.  This  sign  convention  is  utilired  merely  for 
convenience  and  consistency,  and  does  not  reflect  a judgment  of  preference. 
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TABLE  E-II-5 

CHECKLIST  MATRIX  B 

HUMAN  ACTIVITY  DIMENSIONS 

1 . mnerciai  Production 

Direct  and  external  economies  and  diseconomies;  services;  local  ex- 
penditure.': materials  and  physical  inputs;  services,  taxes,  public 

service  programs,  etc. 

Industrial  Production 

(see  Commercial  Production). 

3-  Food  Production  ( Apiculture) 

(see  Commercial  Production). 

4.  Construction 

(see  Commercial  Production). 

5-  Public  Services  (services  provided  and  local  expenditures) 


Local  government:  fire,  health,  recreation,  transportation,  power, 

water,  waste  treatment,  education,  safety,  etc.; 

County  government:  health,  recreation,  transportation,  water,  waste, 

sanitation,  education; 

State  and  Federal  government:  etc. 


6.  Private  Services  (services  provided  and  local  expenditures) 


repair  -nd  maintenance,  counseling,  relocation,  private  utilities. 


' ' ictivit; 


. lalil  f • : • resi  lential  ■<  neighborhood  environment:  crowding, 
merdty  and  lesthetie  juality,  social  mix  & stability,  Life  sty 
opp  r-tunit h , access  to  & spectrum  & quality  of  services  & facilities; 


u.'in."  pportunity : spectrum  of  housing  opportunity,  quantity  of 

supply,  cost. 

8.  Imnigrati  n 


Nel  nig  ti  - r f - graphic  ar<  . 

Is  1 it 3 f) . if  end grati  n,  tl 


f immi  gvi*  Lor.  vcurs  , 
impact  is  nocat  iv-'  (-). 


9.  Population  densit, 


If  increasing  agglomeration  of  population  occurs,  the  impact  is  posi- 
tive (+).  If  dispersion  is  caused,  the  impact  is  negative  (-). 

10.  Health  and  Safety 

Incidence  of  specific  diseases,  incidence  of  accidents,  utilization 
of  services.  Police  and  fire  protection. 

11.  Employment 

Supply  and  spectrum  of  opportunity,  and  unemployment , by  relevant 
sectors;  education  level,  skill,  experience,  sex,  age,  ethnicity. 

12.  Income 

By  relevant  sectors:  employment,  profits,  welfare,  other;  income 

distribution;  level  of  affluence  or  poverty;  disposable  income. 

13.  Cultural/Educational  Activities 

Life  styles  (demands  & consumption) : demand  for  and  consumption  of 

education,  consumption  of  material  goods,  consumption  of  non-material 
services,  household  goods,  leisure  goods;  degree  of  social  atomiza- 
tion, job  search; 

Availability  and  access  to  unique,  cultural  and  scientific  sites, 
facilities,  etc.  (supply); 

Quantity  & quality  of  formal  educational  opportunities  (supply). 

14.  Public  Finance 

Local  tax  base;  county  tax  base;  state  tax  base. 

15.  Recreation 

Quantity  of  opportunity;  quality  of  opportunity;  spatial  distribution 
and  accessibility; 

Participatory:  hiking,  fishing,  boating,  swimming,  camping,  picnic, 

golf,  hunting,  skiing,  skating,  etc. 

16.  Aesthetics 


General  level  of  environmental  pleasantness  or  amenity ; 

.Specific  aesthetic  objects  or  sites:  shopping  areas,  school  devel- 

opments, parking  development,  open  space,  scenic  vistas  & natural 
beauty,  public  buildings,  public  art  & mom  ament s , etc.; 
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Public  ittitudi  and  :oncern ; Institutional  attitudi  and  :oncem. 
17 . 17’vvyvton  Status 


••loosyst 
food 
eoncei v 
iiative 

’ rr:  ,nity  . 'true?  uro 

Rate  these  items  in  terms  of  the  extent  to  which  th<  tr  s .•••!  ..  u"  - 
water  management  system  will  reinforce  (+)  • Jihi.-nrdiw  ' -)  tn- 

existing  structure  of  the  community.  (The  ; riral  it;.  :•  un- 
desirability of  such  change  is  evaluated  elsev:her<  . 

Political 


Social  stratification,  special  purpose  and  int-res?  .up.-,  ' . 

political  role  development,  land  use  control,  pj  siti  n r lis- 
sat is fact ion. 

Sociological 

Services  (material,  social)  agency  level  pment;  family  struct  . , 

rural  to  'urban,  rural  to  suburban,  to  metropolitan,  w>  rid  view; 
perceptions  of  social  integration;  racial,  e*.  i.ni  •,  • iu.v.  mix; 
neighborhood  development;  formal  systems  of  control  e.g.,  5 ••  ; 

antisocial  behavior:  crime,  juvenile  delinquency , •~u.  iali.r., 

littering; 

Coranunity  stability;  quality  of  social  int<  ract  1 n. 


stat  ' ity  success!  n,  h mi  stasl:  , sp<  :ies  ii v< irsit  y , 
ains,  productivity  -eutrothicati  n,  bi  g<  :hemic  lyclhng 
■ it  1 : . ft  xic  substances , liseasi  aspects;  v :t  rs,  alt 
r intermediate  h sts , int  ro lucti  n - ii ivas i ns. 


The  concept  employed  is  illustrated  by  the  following  graphic  example. 


IMPROVEMENT  OR 
INCREASE  (+) 

IN  RECREATION 
(HUMAN  ACTIVITY) 


IMPROVEMENT  ( + ) IN  SURFACE  WATER  QUA  L I TV 
(PRIMARY  IMPACT  DIMENSION) 

Here  the  effect  of  surface  water  quality  changes  on  recreation  is  depicted. 
The  sensitivity  of  recreation  to  changes  in  surface  water  quality  is  re- 
presented by  the  slope  of  the  curve  at  the  reference  surface  water  quality. 
In  this  case,  an  enhancement  of  surface  water  quality  can  be  expected  to 
enhance  recreational  activities.  Hence,  the  slope  of  the  relationship  is 
positive.  In  the  B matrix,  the  cell  value  describing  this  impact  rela- 
tionship would  thus  be  positive,  and  its  magnitude  would  describe  the 
degree  to  which  a "unit"  enhancement  of  surface  water  quality  would  en- 
hance recreation.  For  all  of  the  evaluations,  the  reference  point  is 
present  conditions.  Again  impacts  are  quantified  on  a scale  of  -3  to  +3. 

Unlike  the  Primary  Impact  Table  (A  Matrix),  the  Human  Impact  Table 
(B  Matrix) as  defined  is  not  system  element  specific.  To  reiterate,  the 
B matrix  interprets  the  impact  on  environmental  elements  into  the  effect 
on  human  activities.  The  effect  on  human  activities  is  system  specific, 
but  the  relationship  between  environmental  elements  and  human  activities 
is  not.  As  a consequence,  the  B matrix  evaluations  are  not  made  in  the 
context  of  a particular  system.  Indeed,  relevant  parts  of  the  B matrix 
might  be  used  to  describe  the  effects  on  human  activities  brought  about 
by  environmental  changes  produced  by  a public  highway  system  or  a private 
building  as  well  as  to  the  wastewater  management  systems  for  which  it  was 
intended.  To  do  so,  directly,  however,  presumes  that  the  evaluators  were 
not  Imputing  certain  types  of  impacts  likely  to  be  associated  with  the 
systems  under  study.  As  intended,  the  B matrix  simply  describes  the 
magnitude  and  direction  of  the  phenomenological  relationships  between 
changes  in  the  environment  and  changes  in  human  activities,  irrespective 
of  the  source  of  those  changes.  A sample  of  the  form  used  by  the  evalua- 
tors is  shown  in  Table  E-II-6. 

HUMAN  ACTIVITIES  IMPACTS  OF  SYSTEM  ELEMENTS  (C  MATRIX) 

Common  to  both  the  Primary  Impact  Table  (A  Matrix)  and  the  Human 
Impact  Table  (B  Matrix)  is  the  vector  of  primary  impact  dimensions  (E 
Vector).  When  the  primary  impacts  of  a particular  system  element,  (row 
of  matrix  A)  are  multiplied,  each  in  turn,  by  the  correspondin'  impact 
of  each  primary  impact  dimension  on  a particular  human  activity  (column 
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of  matrix  B)  and  the  resulting  products  for  all  the  primary  impacts  are 
summed,  a total  impact  score  of  that  system  clement,  acting  through  ill 
environmental  changes,  on  tint  human  dimension  is  produced.  The  System 
Element  Impact  Table  (C  Matrix)  is  the  result  of  such  an  operation  for 
all  system  elements  and  all  human  dimensions  (mathematically,  (A)  x (B)  = 
(C) . It  builds  the  relationship  between  the  changes  in  system  elements  and 
the  changes  in  human  activities.  The  multiplications  and  summations  are 
algebraic  in  their  sign  conventions  (+  x + = +,  + x - = - x +,  - x - = +) 
so  that  impact  directions  are  properly  accounted  for.  In  order  to  clarify 
how  a negative  (-)  effect  times  a negative  effect  can  be  positive,  the 
following  example  is  offered:  a negative  effect  (-)  on  air  quality  does  in 
turn  exert  a negative  effect  (-  discourages)  on  immigration  to  the  C-SELM 
area,  however,  immigration  is  considered  ,rbad"  (-)  by  the  evaluators,  so 
the  resultant  effect  is  beneficial. 


HUMAN  ACTIVITIES  WEIGHTS  t,  H VECTOR) 

The  19  human  activities  upon  which  the  system  element  impacts  impinge 
need  not  be  ascribed  to  have  equal  importance  in  assessing  total  impact 
scores.  Indeed,  enhancement  of  some  human  activities  may  be  viewed  as 
having  negative  (undesirable)  values.  To  represent  the  preferences  for 
different  activities,  each  evaluator  was  asked  to  assign  a relative  prior- 
ity weight  (again  -3  to  +3)  to  each  human  activity  to  reflect  the  desir- 
ability of  enhancing  or  reinforcing  the  current  condition  of  that  activity 
relative  to  the  other  activities.  A score  of  +3  for  an  activity  indicates 
that  it  is  extremely  desirable  to  enhance  or  reinforce  that  activity,  say 
health  and  safety,  while  a score  of  -2  indicates  that  it  is  moderately 
undesirable  to  reinforce  that  activity,  say  immigration  to  the  O-SELM 
area.  The  weightings  assigned  by  each  evaluator  were  averaged  for  each 
activity  to  produce  a human  activity  weighting  scale.  A sample  of  the 
form  used  by  the  evaluators  to  assign  weights  is  shown  as  Table  E-II-7. 

It  Is  important  to  recognize  that  these  weightings  can  be  determined 
or  assigned  by  a group  other  than  the  evaluators  themselves.  In  fact,  a 
group  of  persons  more  experienced  in  deciding  whore  public  investment: 
should  be  made  to  enhance  human  activities  might  be  a preferred  source  of 
these  priorities.  As  will  be  discussed  later,  a small  number  of  weighting 
responses  was  obtained  from  each  of  two  committees  advisory  to  the  ' ty 
of  Engineers  on  this  project:  one  committee  representing  commercial  and 

Industrial  representatives  (6  responses)  and  another  committee  represent i sir 
planning  and  sanitary  district  officials  (4  responses).  An  average  weight- 
ing vector  was  determined  for  each  of  these  committees  based  on  tin-  res- 
ponses supplied,  and  these  weighting  vectors  were  used  In  later  analysis, 
along  with  a vector  weighting  all  19  human  activit ies  equally.  Annex  A. 


AGGREGATE  fYSTEM  EVALUATION 

The  Human  Activities  Impacts  of  System  Elements  (Matrix  ')  lisplays 
th<  impacts  f eacl  system  elemenl  i humai  ti  ity.  By  multiplying 

each  human  activity  Impact  by  the  human  activity  weight  arid  summing  ' h“ 
weighted  impacts  over  all  human  activities , * ' d w-  ignled  in*  •*  f r 

that  systef  ment  i letermined.  v ■ « ' t imj  1 :oi  foi  t tol 
system  is  then  the  sum  of  the  weighted  impact  fc,r  t.L  .•<■  system  • !•  merits 
lomprisinj  t 1 t /stem.  ■■  r mor  . ■ • . • . . 


TABLE  E-II-7 


HUMAN  FACTORS  WEIGHTING  FORM 


Panelist  (1,2)  Region  (3,4) 


Estimate  the  desirability  of  enhancing  or  reinforcing  the  following 
human  factors  in  this  region: 


Extremely 

Undesirable 

Moderately 

Undesirable 

Slightly 

Undesirable 

rt 

vj 

•u 

3 

O 

Slightly 

Desirable 

Moderately 
Desi r able 

Extremely 

Desirable 

Commercial  Production 

-3 

-2 

-1 

0 

+ 1 

4-2 

4-3 

(5,6) 

Industrial  Production 

-3 

-2 

-1 

0 

+1 

4-2 

-*-3 

(7,8) 

Food  Production 

-3 

-2 

-1 

0 

J-l 

4-2 

4-3 

(9,10) 

Construction  Services 

-3 

-2 

-1 

0 

+ 1 

4-2 

4-3 

(11,12) 

Public  Service 

-3 

-2 

-l 

0 

4-1 

4-2 

4-3 

(13, 14) 

Private  Service 

-3 

-2 

-1 

0 

4-1 

4-2 

4-3 

(15,16) 

Residential  Activity 

-3 

-2 

-1 

0 

4-1 

4-2 

4-3 

(17,18) 

Population  Migration 

-3 

-2 

-1 

0 

4-1 

4-2 

4-3 

(19,20) 

Population  Density 

-3 

-2 

-1 

0 

4-1 

4-2 

+3 

(21,22) 

Health  and  Safety 

-3 

-2 

-1 

0 

4-1 

4-2 

4-3 

(23,24) 

Employment 

-3 

-2 

-1 

0 

4-1 

4-2 

4-3 

(25,26) 

Income 

-3 

-2 

-1 

0 

4-1 

4-2 

4-3 

(27,28) 

Cultural/Education 

-3 

-2 

- 1 

0 

4-1 

4-2 

4-3 

(29,30) 

Public  Finance 

-3 

-2 

-I 

0 

4-1 

4-2 

4-3 

(31,321 

Recreat i on 

-3 

-2 

-1 

0 

4-1 

4-2 

4-3 

(33,34) 

Aesthetics 

-3 

-2 

-I 

0 

4-1 

4-2 

4-3 

(35,36) 

Ecosystem  Status 

-3 

-2 

-1 

0 

4-1 

4-2 

4-3 

(37,38) 

Community  Political 
Structure 

-3 

-2 

-1 

0 

4-1 

4-2 

4-3 

(39,40) 

Community  Sociological 

-3 

- 2 

-1 

0 

4-1 

4-2 

4-3 

(41 ,421 

S true tore 
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system  element  or  module  receive  the  same  weighted  impact  score  on  that 
element  when  a system  total  impact  score  is  calculated.  This  procedure 
insures  a maximum  degree  of  comparability  in  system  impact  scores  and 
accents  the  differences  in  impacts  among  systems  composed  of  different 
elements.  'Hus  approach  also  highlights  the  elements  of  alternative 
systems  which  produce  high  or  low  scores,  and  thus  can  be  of  direct  value 
to  the  design  engineers  in  synthesizing  new  systems. 

NARRATIVE  DESCRIPTION  OF  IMPACTS 

In  the  course  of  assessing  impacts  according  to  the  matrix  approach, 
each  evaluator  was  encouraged  to  supplement  his  quantitative  assessment 
by  preparing  ’written  comments  on  the  particular  impact  being  considered. 

The  comments  were  used  to  indicate  the  nature  of  the  impact,  especially 
where  strongly  positive  or  negative  impact  scores  were  involved.  Evalua- 
tors were  also  encouraged  to  comment  on  any  redesign  opportunities  for 
mitigation  of  negative  impacts  or  enhancement  of  positive  impacts  which 
they  identified. 

Providing  the  evaluators  with  the  opportunity  to  offer  written 
corments  also  insured  that  issues  and  impacts  which  could  not  easily  be 
treated  in  the  context  of  the  matrix  evaluation  scheme  would  still  be 
included  in  the  evaluation.  In  this  way,  maximum  value  could  be  derived 
from  evaluators  who  were  specialists  in  different  disciplines;  while  the 
matrix  approach  forced  a degree  of  uniformity  on  the  evaluators'  approaches, 
encouraging  the  preparation  of  detailed  written  comments  allowed  each  ex- 
pert to  contribute  to  the  process  in  a manner  best  suited  to  his  own  back- 
ground and  skills. 

The  comments  of  all  evaluators  were  assembled  and  used  to  Interpret 
the  matrix  scores.  The  comments  were  also  woven  together  to  form  a nar- 
rative description  of  impacts.  By  this  means,  a more  complete  and,  in 
many  ways,  more  detailed  assessment  of  impacts  was  obtained.  This  nar- 
rative is  included  in  Section  V of  this  report. 

ILLUSTRATED  APPLICATION 

Use  of  the  matrix  approach  to  evaluation  can  be  illustrated  by  the 
following  examples: 

Examj  e 1.  The  impact  of  the  treatment  facilities  and  processes 
element  of  the  33  plant  physical-chemical  treatment  system  on  air 
quality  (primary  impact  dimension)  is  perceived  to  le  -l.p  units 
(A  Matrix ) . The  sensitivity  of  residential  a ivit  . ■ snai  ilmen- 

sion)  to  an  improvement  .in  air  quality  (primary  impact  linens  ion 
is  perc<  ived  t be  * 2.2  (B  Matrix) . Thus  the  partial  impact  f 
■ ■ plant  | hys  1 :al-  :h< mi  • . pr  :< is:  an  1 fa  :i  Ities  i resident! 
activity  due  t . the  reduction  in  air  quality  i.-  + . 

- ■ . ■ . ■ lesirabilitj  f enhai  Lng  r rein  fore  i I .tent  i 
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humar  ict  1" Ity  1 in  increas  in  ri  . . t . - Laid  . 

because  agricultural  land  use  ions  not  r rovi  :•  resi  iential  r em- 
ployment opportunities  for  large  nurd  • *rs  f nr.  r r •'  1:1 

impact  of  the  processes  and  facility  s f • ; .an*  : •al- 
chemical system  on  immigration , then,  ! - . = + . 

The  desirability  of  increasing  inrnigratior.  int  th • '-fill;  :.••••  is 
I er  : ved  to  bo  -1.5  (undesirable  - from  human  a :t  Ivit  ies  w<  ighl  ii  * . 
Thus  the  partial  weighted  impact  cf  the  pivcerc-os  -e.  i faci  I it  ’•  s 
element  of  the  33  plant  physical-chemical  ; r -err  system  as  trans- 
mitted through  agricultural  land  use  and  irr.L-ra*  : • is  +1.1'  - . . • 

(-0.15),  which  means  that  the  adopt i n f the  physi  :al-ch  mi  il 
treatment  alternative  would  tend  to  ran  see  Immigra" ! t.  ' * :.• 
area  slightly  because  of  the  impa.  •*  n agri  * ;'.*  ;ra  i aa : .s-  . 1‘ 
must  be  recognized  that  t • ese  numerical  j 1<  s t r; 
element  linkages  through  the  is:  a 't  s-  ' svs‘.  • is:  a ” : 

a single  system  element  on  a cirri'  human  tr  ivit;.  is  ■ • • 
the  sum  of  the  partial  imparts  transmitted  trr  ugh  ■ prim  imp  a " 
dimensions.  These  sums  are  the  values  record' * i ‘ ••••  ' " * rix. 
Likewise,  the  aggregate  wc  ighted  ii  : f . ' systen  Lemenl 

is  the  stun  of  the  partial  impacts  imputed  ' ea  • h-  ■ Lima: 

activities.  Finally,  each  system  is  comt  -sed  * ■ , 

one  from  each  of  the  major  functional  component  s , and  tr-  t ‘a. 
weighted  system  score  is  the  sum  of  the  scores  -f  its  system  • l«m.i  nts. 
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and  displaying  them  to  identify  the  relative  merits  f vsis’  • vs:*  :•  ’ 
rv  ; t < ements  ind  sysl  ems.  The  results  f th<  ise  f this  ipps  ich  st 
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This  evaluation  procedure  is  built  on  the  u.v  jn:  t ! that  the 
judgments  of  well-informed  experts  ar<  t th  meani  and  reliabli  md, 
furthermore,  that  the  aggregation  of  the  judgments  of  many  experts  pro- 
vides a better  estimate  than  the  evaluation  of  one  expert.  While  the 
use  of  theoretically-based  mathematical  models  to  predict  the  impacts  f 
the  proposed  wastewater  treatment  alternatives  might  offer  a more  sophis- 
ticated approach  to  this  problem,  limitations  of  the  state-of-the-art 
prohibit  the  implementation  of  tills  strategy.  Studies  in  many  other 
fields,  however,  tend  to  support  the  validity  of  the  use  of  expert  judg- 
ments in  technical  estimation  problems  of  this  type.  In  fact,  given  the 
nature  of  the  problem,  it  is  likely  that  expert  judgment  will  produce 
results  which  are  broader  in  focus,  and  more  sensitive  to  the  most  rele- 
vant social  and  environmental  issues,  when  compared  to  the  use  of  mathe- 
matical models.  Furthermore,  the  use  of  expert  judgment  is  certainly  to 
be  preferred  on  a cost-effectiveness  basis. 

The  validity  of  the  judgment  of  experts  is,  of  course,  limited  by 
the  quality  of  the  information  provided  to  them  as  a basis  for  their 
evaluations.  For  example,  each  evaluator  was  instructed  to  assume  that 
all  descriptions  of  the  performance  characteristics  of  proposed  systems, 
and  all  estimates  of  impacts,  were  accurate.  To  the  extent  that  these 
descriptions  and  estimates  are  subject  to  errors,  the  judgments  them- 
selves are  likely  to  be  incorrect.  The  same  implication  holds  for  the 
effect  of  missing  information,  and  absence  of  details.  The  latter  factors 
can  introduce  unknown  biases  into  the  outcome  of  the  process,  and,  as  a 
result,  it  is  of  essential  importance  to  provide  the  evaluators  with  the 
best  possible  information  about  the  alternatives.  On  the  other  hand, 
caution  must  be  used  to  avoid  overloading  the  evaluators  with  too  much 
information,  which  can  have  the  effect  of  limiting  their  ability  to  make- 
distinctions  between  alternatives.  It  has  been  found,  for  example,  that 
asking  the  evaluators  to  treat  a very  large  number  of  similar  alternative 
systems  can  cause  confusion  and  reduce  the  validity  of  the  results.  The 
use  of  a modular  approach  to  evaluation,  in  which  judges  examine  only  a 
few  elements  of  various  types  which  can  be  combined  into  many  alternative 
systems,  serves  to  reduce  this  threat  to  validity  of  the  results. 

The  matrix  approach  also  assumes  the  independence  of  the  effects  of 
system  elements  from  each  other,  the  independence  of  primary  environmental 
impact:' , an  i t:.e  In  iopenience  of  human  activities.  For  example,  this 
assumption  makes  it  possible  to  add  the  total  human  impact  scores  for 
several  elements  to  produce  a system  score,  without  the  danger  of  d ail  1< 
counting.  While  the  various  rows  and  columns  in  the  matrices,  and  th" 
matrices  themselves,  were  designed  to  minimize  the  effect  of  this  assump- 
tion, care  was  taken  to  caution  each  evaluator  about  it,  so  that  the  indi- 
vidual Judgments  would  be  as  independent  as  possible.  The  complexity  of 
the  true  relationships  which  underlie  the  impacts  evaluated  with  tills 
system  make  it  practically  impossible  to  insure  complete  independence  h. 
ill  l if?  nsions.  wever,  given  the  characteristics  f alt<  mat! 

and  the  care  taken  in  the  application  of  this  approach  and  the  uti . I : '.at  ] r. 
of  Its  outputs,  the  dangers  of  this  assumption  i re*  seen.  • b*  s .a  ,s. 
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Finally,  the  matrix  method  assumes  that  the  changes  being  evaluated 
are  relatively  small,  so  that,  for  example,  constant  values  could  be  used 
in  the  B matrix  rattier  than  impossible  complex  functional  values.  This 
assumption  is  particularly  troublesome  if  large  changes  could  induce  a 
c lange  in  iirection  (from  positive  to  negative,  say)  of  impact.  While 
the  scale  'f  the  wastewater  treatment  alternatives  to  be  evaluated  in  this 
effort  is  very  large,  the  nature  of  the  changes  themselves  can  generally 
be  safely  assumed  to  be  fairly  small  (in  totality), at  least  in  terms  of 
the  change  that  might  be  measured  in  some  small  portion  of  the  region.  The 
evaluation  scheme  is  designed  to  aggregate  many  small  changes,  rather  than 
to  measure  a few  large  scale  changes. 
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SECTION  III:  PRIMARY  IMPACTS  OF  ALTERNATIVE  SYSTEMS 


The  first  link  in  the  impact  chain  connects  each  of  the  system  ele- 
ments, and  thereby  the  systems  or  alternatives,  to  each  of  the  primary 
impact  dimensions.  It  is  here  that  the  quantitative  social-environmental 
impacts  of  the  systems  are  most  clearly  expressed.  Subsequent  linkages 
serve  principally  to  allocate  the  impacts  discerned  at  this  stage  among 
the  multiple  facets  of  human  activity  and  to  determine  the  extent  to  which 
these  primary  impacts  affect  the  conduct  of  human  affairs.  Recognize, 
however1,  that  the  impacts  reported  reflect  the  average  for  the  total  C-SELM 
region,  not  the  localized  impact  at  any  one  point. 


PRIMARY  IMPACT  TABLE  (A  MATRIX) 

The  average  primary  impact  scores  are  first  reported  in  Table  E-III-1 
in  the  form  of  the  operational  A matrix:  that  is,  an  average  impact  score 
is  shorn  in  each  of  the  16  primary  impact  dimensions  for  each  of  the  26 
system  elements.  The  value  reported  is  the  average  of  the  impact  scores 
ascribed  by  each  evaluation  team  member.  System  elements  are  arranged 
vertically  while  primary  impact  dimensions  are  arrayed  horizontally.  Thus, 
each  row  of  the  table  represents  the  primary  impacts  of  one  system  element. 
Positive  scores  represent  an  increase  or  enhancement;  negative  scores,  a 
decrease  or  repression. 

System  elements  1,  6,  11,  17,  22,  and  24  are  the  components  of  alter- 
native I (system  1),  the  64  plant  reference  system.  (Brief  descriptions 
of  the  elements  are  shown  in  Table  E-III-1) . As  such,  its  impacts  were  ar- 
bitrarily set  to  0.0  and  the  impacts  of  all  other  systems  were  evaluated 
relative  to  those  of  system  1. 

In  scrutinizing  the  scores  in  the  impact  table,  recall  that  each 
system  element  represents  a collection  of  many  individual  components  such 
as  pipe  lines,  pumps,  storage  reservoirs,  treatment  plants,  etc.  Also, 
each  primary  impact  dimension  is  a categorical  name  for  many  individual 
factors.  An  individual  evaluator,  in  assessing  impact  perceived  according 
to  his  special  capabilities  and  insights,  may  scrutinize  only  a few  of 
the  many  factors  grouped  within  a single  dimension  or  element.  The  impact 
score  obtained  by  averaging  over  all  evaluators  thus  represents  the  best 
overall  assessment  of  impact  for  a part  • l ■ ment  and  dimension.  Yet 
it  is  perilous  to  attempt  to  explain  in  works  the  reason  or  causal  rela- 
tionships that  produced  a particular  average  score.  Such  explanations 
are  likely  to  be  superficial  at  best.  It  is  useful,  however,  to  discuss 
some  general  characteristics  of  the  primary  impact  matrix.  The  discussion, 
based  upon  the  cell  values  and  the  row  (system  element)  sums  in  Table  E-III-1, 
is  organized  according  to  the  6 major  categories  of  system  elements. 
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JOLLECnCN,  ■'  N AND  STORAGE: 


Elements  2 through  5 all  Involve  the  collection,  storage,  and  treat- 
ment of  essentially  all  ex'  the  storm  water  runoff  In  the  C-SELM  region, 
a vast  increase  over  that  provided  in  the  reference  system  (element  1). 

As  such,  these  elements  were  judged  to  bring  about  substantial  improve- 
ments in  surface  water  quality  and  quantity  (the  latter  through  the  capa- 
bility of  the  system  to  control  stream  flows).  Sensory  quality  of  the 
environment  was  expected  to  be  enhanced,  as  was  recreation  and  open  space, 
while  the  evaluators  estimated  that  agricultural  land  use  would  be  dimin- 
ished or  degraded  somewhat  as  a result  of  the  farm  land  utilized  for  the 
stormwater  treatment  facilities. 

Major  negative  impacts  were  ascribed  for  energy  and  access  as  a re- 
sult of  the  pumping  and  piping  required  to  transport  the  water  from  one 
area  t j another.  The  negative  inpacts  ascribed  in  these  areas  increase 
in  accordance  with  the  complexity  of  the  water  conveyance  network  required 
(element  2 is  least  conplex,  element  4 is  most  complex.) 

TREATME: IT  FACILITIES  AND  PROCESSES: 

By  far,  the  majority  of  the  inpact  scores  were  negative,  as  would  be 
anticipated.  The  negative  scores  reflect  the  consumption  of  land,  energy 
and  mineral  resources  in  the  construction  and  operation  of  "factories" 
that  degraded  sensory  and  aesthetic  qualities  in  their  vicinity,  produced 
air  pollution,  and  impeded  access.  The  physical-chemical  treatment  plant 
systems  produced  especially  negative  scores  in  air  and  sensory  qualities 
and  in  energy  and  mineral  resources , although  a substantial  negative 
impact  was  ascribed  to  all  system  elements  with  regard  to  energy.  System 
elements  9 and  10,  involving  land  treatment  processes,  produced  substan- 
tial negative  impact  scores  in  all  land  use  categories  as  well  as  access. 
All  systems  were  assigned  negative  impacts  on  biotic  communities.  Small 
negative  impacts  are  ascribed  to  system  elements  7 through  10  in  compar- 
ison to  the  reference  system.  Groundwater  quality  also  was  expected  t< 
improve  somewhat  except  in  those  systems  utilizing  land  treatment,  where 
negative  impacts  were  assessed  due  to  the  intermixing  of  the  treated 
water  with  local  groundwater.  Modest  positive  impacts  were  assessed  for 
surface  and  groundwater  quality. 

It  is  interesting  to  note,  however,  that  the  land  treatment  systems 
were  attributed  to  produce  small  positive  impact  on  recreation  and  open 
spa  , • : luality  and,  for  the  total  land  process,  miners  i irees. 

GLUDGE  MANAGEMENT: 

System  element  If,  the  agricultural  application  of  sludge  from  physi- 
ica  plant  , wax  Judgi  11  y I 1 n<  :gat  ive  i rq  acts  ' - f th< 

primary  impact  dimensions  except  groundwater  quantity  (where  its  impact 

impact  ■ rgy,  ii  n 


f sludg  . ther  iirn  a :1  s wi  :n  general  1.',  mixtui 

positive  scores. 
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: ■ an  :nt  L(  represents  the  application  of  bi  gica  sludges  1 
r :lamati  n treas.  Substantial  i .■ r ■ ' v<  in|  lets  ascril  it  thi: 
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■ . ’ • iral  Land  ise,  recreati  i ai  i pen  sj  : , ai  i s Li  quality.  h(  nly 
negative  irrpact , but  a sizeable  one,  was  ascribed  t th<  energy  ne<  1<  i 1 
transport  the  sludge  to  the  reclamation  areas.  In  gen<  ra  , thi  and  re- 
clanati  r technique  yielded  impacts  that  reflected  the  sub. -'.an'  ial  improv  - 
ment  in  appearance  and  utility  of  strip-mined  areas  whish  c.  aid  resuit 
from  such  a technique. 

LIQUID  EFFLUENT  QUALITY  AND  DISTRIBUTION  FOR  NAVIGATION  AND  PT2REATT  >N: 


The  major  impacts  of  the  wastewater  manage -ment  systems  ■.  the  water 

resources  of  the  region  were  transmitted  thr  1 is  :at  . 

result,  most  of  the  impacts  were  evaluated  as  p >sit Ive,  most  

the  dimensions  of  surface  water  quality  and  quantity,  sensory  quality 
the  environment,  and  recreation  and  open  space.  Negative  impacts  wet 
ascribed  to  energy  required  to  transport  the  watu-r,  mineral  resource's 
consumed  in  constructing  the  conveyance  network,  and  access  1 

disruption  during  construction) . Vari  il  1 ns  ai < ment:  n " 

the  conplexity  of  the  - nveyance  systen  needi  1 1 listrit  il  th<  wat<  r 
around  the  region. 


POTABLE  WATER  SUPPLY  AND  R11JSI. 


Tiie  evaluation  of  water  reuse  (element  23)  to  make 
w iter  supi  Li  s as  needed  t sat  isfy  iemand 
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POWER  SYNERGISM 
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sites,  when  available,  with  large  positive  impacts  ascribed  to  surf;  • 
water  quality,  commercial  and  industrial  land  use,  and  ••■ner®  for  noth 
elements  25  and  26.  However,  the  positive  inpacts  ascribed  to  the  alter- 
native utilizing  both  treatment  plants  and  land  disposal  were  generally 
smaller  than  those  attributed  to  the  total,  land  system. 


TOTAL  SYSTEM  IMPACTS  IN  THE  PRIMARY  DIMENSIONS 

The  array  of  system  element  inpacts  presented  in  rriable  E-III-1  can 
be  further  combined  to  reveal  the  impact  of  a complete  system  in  each 
primary  dimension.  This  is  accomplished  by  summing  the  impact  estimates 
in  each  dimension  indicated  for  that  set  of  system  elements  comprising  a 
single  system.  It  implies,  of  course,  that  all  impact  dimensions  are  of 
equal  importance.  The  systems  and  their  system  element,  were  described 
in  Table  E-II-2 . The  results  of  such  an  analysis  are  displuved  in  Table 
E-III-2 . 

The  rows  of  Table  E-III-2  are  organized  according  to  wastewater 
management  alternative  (I  to  V)  and  within  alternative  by  system  number 
according  to  type  of  sludge  disposal  and  then  according  to  potable  water 
supply  provisions.  The  dimensions  of  primary  inpact  are  ordered  so  as 
to  place  those  with  the  most  positive  inpact  on  the  left  side  of  the 
table  and  those  with  the  most  negative  inpacts  on  the  right  side. 

As  an  illustration  of  the  calculations  involved,  the  unpact  on 
recreation  and  open  space  (first  column)  attributed  to  system  3 (second 
row)  is  composed  of  elements  2,  7,  12,  18,  23,  and  24  of  Table  E-III-1, 
column  10.  The  total  score  is  0.8  -0.2-  +1.5+  . 4 = 2.3. 

Careful  examination  of  the  table  will  show  that  all  systems  are 
expected  to  produce  substantial  positive  inpacts  on  recreation  and  open 
space,  surface  water  quality  and  quantity,  groundwater  quality  and  quan- 
tity. All  systems  except  type  II  (physical-chemical)  are  expected  * 
yield  positive  inpacts  on  soil  quality  and  sensory  quality.  A minor 
positive  effect  on  groundwater  quality  is  common  to  all  systems  except 
type  IV  (distributed  land)  with  agricultural  disposal  of  sludge. 

Agricultural  land  use , mineral  resources , commercial  and  industrial 
land  use,  and  air  quality  are  all  characterized  by  a mixture  of  weakly 
positive  and  negative  impact  scores , with  the  exception  that  the  type  II 

(P.C.)  alternatives  are  evaluated  i si  itiv<  m mil 

sources  and  air  quality.  Biotic  conmunities  and  residential  land  use  .'ire 
judged  to  be  negatively  impacted  by  all  system  except  Type  ITT  (17  plant 
AB)  and  Type  V (AB  + land)  with  sludge  disposed  by  land  reel  mutton.  All 
other  dimensions,  and  especially  energy,  are  negatively  impacted  by  all 
systems . 
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. sit ive  ♦ ; or  negative  (-)  numbers  presented  on  this  table  do  not  connote  beneficial  or  detrimental 
....  good  or  b.'d) . These  figures  present  subjective  assessment  of  the  direction  and  magnitude  of  change 
. .t  deciding  whether  that  change  is  given  a value  of  good  or  bad. 


RANKING  OF  SYSTEMS  ACCORDING  TO  PRIMARY  IMPACT  DIPENSIONS 


A single  impact  score  can  be  assigned  to  each  system  by  summing  the 
impacts  for  that  system  over  all  of  the  primary  impact  dimensions  (sum 
across  each  row  in  Table  E-III-2).  These  sums  are  shown  as  the  far  right 
hand  column  in  Table  E-III-2. 

From  the  system  scores  produced  by  the  judgements  of  the  evaluation 
panel,  it  is  apparent  tliat  the  systems  are  arranged  in  descending  order 
within  alternative  type , indicating  that:  land  reclamation  with  sludge  is 
consistently  preferred  to  agricultural  application  of  sludge;  reuse  for 
potable  water  supply  is  preferred  to  further  use  of  additional  Lake 
Michigan  water;  and  power  generation  at  the  land  disposal  sites  is 
preferred  to  other  locations  in  the  C-SELM  region. 

Ihe  four  highest  scoring  systems  are:  23  (Type  V),  7 (Type  III), 

22  (Type  V)  and  6 (Type  III).  Both  types  rely  heavily  on  use  of  advanced 
biological  treatment  plants.  Ihe  two  lowest  scoring  systems  are  3 and  2 
(Type  II),  the  physical-chemical  plants. 

It  should  be  noted  that  this  simplified  overview  of  the  primary  en- 
vironmental impacts  of  the  alternatives  assumes  that  all  changes  in  the 
social-environmental  dimensions  are  of  equal  importance.  Ihe  evaluation 
technique,  however,  was  designed  to  go  beyond  this  limited  assessment  to 
the  evaluation  of  the  consequences  of  these  impacts  for  human  activities. 
These  effects  are  described  in  the  following  chapter. 
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SE  '71 OM  IV:  IMPACTS  OF  SYSTEM  ELEMENTS  ON  HUMAN  ACTIVITIES 

SYSTEM  ELEMENT  IMPACT  TABLE 

The  primary  Impacts  of  the  wastewater  management  alternatives  report- 
ed in  Chapter  III  are  allocated  among  the  19  dimensions  of  human  activity 
through  the  application  of  the  "B"  matrix  described  in  Section  II  and 
Annex  A.  This  allocation  also  amplifies  or  contracts  the  impacts  accord- 
ing to  the  sensitivity  of  each  human  dimension  to  each  primary  impact  di- 
mension. Thus,  the  impact  score  produced  by  a particular  system  element 
for  a particular  human  activity  is  determined  by  multiplying  the  primary 
impact  score  of  that  system  element  in  each  primary  dimension  by  the  sen- 
sitivity of  that  human  activity  to  each  primary  dimension  and  summing  the 
products  (with  due  regard  to  sign)  over  all  of  the  primary  dimensions. 

This  process,  when  repeated  for  all  system  elements  and  all  human  activi- 
ties, is  in  reality  the  multiplication  of  the  A matrix  by  the  B matrix. 
This  multiplication  produces  the  C matrix,  a table  of  system  element 
impacts  on  human  activities.  The  results  obtained  by  multiplying  the 
average  A matrix  (Table  E-III-1)  by  the  average  B matrix  (Tbble  EA-1 
Annex  A)  are  shown  as  Table  E-TV-1.  Each  row  represents  the  impacts  of  a 
particular  system  element  on  each  of  the  19  human  activities.  These  im- 
pacts are  discussed,  by  category,  in  the  following  paragraphs.  A more 
complete  discussion  is  contained  in  Section  V of  tills  report . 

COLLECTION,  TRANSPORTATION  AND  STORAGE 

Strong  positive  impacts  on  health  and  safety,  recreation,  aesthetics, 
and  ecosystem  status  were  associated  with  the  collection,  transportation 
and  storage  elements  of  the  systems  treating  virtually  all  of  the  storm 
water  (II, III, IV  and  V).  The  systems  utilizing  treatment  plants,  either 
PC  or  AB,  were  also  judged  to  produce  strong  positive  impacts  on  resi- 
dential activity  and  immigration,  and  weakly  positive  impacts  on  the 
remaining  dimensions  of  human  activity. 

By  contrast,  the  all-land  treatment  systems  (Alternative  TV)  produced 
small  to  moderate  negative  impacts  in  all  dimensions  of  human  activity 
except  recreation,  aesthetics,  ecosystem  status,  and  health  and  safety, 
with  the  most  negative  impacts  relating  to  product!  n (except  food), 
income  .and  employment.  The  systems  requiring  the  asl  ' ' 1 

and  transportation  networks  tended  uniformly  * produce  the  most  posi- 
tive impacts. 

TREATMENT  PROCESSED  AND  FACILITIES 

Only  Alternative  III  (17  plant  AB)  shows  any  appreciable  number  of 
positive  impacts,  and  then  only  in  the  iimensions  of  health  and  safe'y, 
ecosystem  status,  recreation,  aesthetics,  and  f 1 production, 
alternative  systems  were  judged  to  produce  substantially  negative  impa'ts 
in  virtually  all  of  the  human  dimensions,  i:  ti  stii 
utilizing  a combination  of  AB  treatment  plants  and  land  tr  ntme:  * , was 
expected  to  produce  impacts  more  closely  related  t<  ‘ ’.urn  t.reui : •••  .* 
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system  than  to  the  treatment  plant  system,  although  to  some  degree  the 
scores  did  reflect  a combination  of  the  two  systems.  The  physical- 
chemical  treatment  system  was  expected  to  produce  the  most  strongly 
negative  impacts  of  all  the  alternatives. 

SLUDGE  MANAGEMENT 


Strong  positive  impacts  were  ascribed  to  all  of  the  human  dimensions 
(except  industrial  production)  for  the  use  of  biological  sludges  in  land 
reclamation.  The  impacts  were  judged  to  be  exceptionally  strong  for  rec- 
reation, aesthetics  and  ecosystem  status.  In  contrast  to  this,  the  appli- 
cation of  physical-chemical  sludges  to  agricultural  land  was  regarded  as 
producing  substantial  negative  impacts  in  all  dimensions  of  human  activ- 
ity, most  strongly  so  for  residential  activity.  The  agricultural  appli- 
cation of  biological  sludges  was  judged  to  have  modest  positive  impacts 
on  ecosystem  status,  aesthetics,  recreation  and  food  production  but 
weakly  negative  impacts  for  the  remaining  dimensions  of  human  activity. 

EFFLUENT  QUALITY  AND  DISTRIBUTION  FOR  NAVIGATION  AND  RECREATION 

The  expected  positive  impacts  of  the  wastewater  management  alterna- 
tives on  the  water  resources  of  the  region  are  displayed  more  strongly 
here.  Only  the  land  treatment  system  was  ascribed  to  produce  numerous 
negative  impacts  in  connection  with  the  effluent  redistribution  to  the 
region,  generally  in  the  dimensions  of  production  (except  food),  income 
and  employment.  As  was  true  for  other  system  elements,  the  most  positive 
impacts  were  associated  with  aesthetics,  recreation,  ecosystem  status, 
residential  activity  and  immigration.  All  systems  were  judged  to  produce 
substantial  positive  impacts  In  these  categories,  and  the  magnitude  of 
Impact  corresponded  directly  to  the  extent  of  decentralization  of  treat- 
ment facilities  (number  of  plants  or  sites)  and  the  corresponding  sin- 
: licity  (brevity)  of  the  conveyance  networks  required  to  distribute  the 
effluent  throughout  the  region. 

POTABLE  WATER  SUPPLY  AND  REUSE 

Small  positive  impacts  were  ascribed  to  all  dimensions  of  human 
activity  when  deficiencies  in  potable  water  supply  were  met  by  the  reuse 
of  treatment  effluents  rather  than  drawing  additional  quantities  of 
water  from  Lake  Michigan. 

POWER  SYNERGISM 


The  siting  of  power  generating  facilities  on  Land  utilized  for  the 
land  treatment  systems  was  considered  to  produce  small  to  moderate 
positive  impacts  in  .'ill  of  the  human  dimensions  except  ee  system  status. , 


s most  posit ive  in- 
vment , public 
cd  with  the  alterna- 


negativ  impaci  wi  *r<  ass<  *ss(  - 1 . 

• acts  were  ass  • mated  with  : r.xlud  ;<  n,  income,  or 
f inane*. • and  ."•■sciential  activity.  The  impacts,  pr 
tivf  svst'-rs  riant  plus  land)  were*  not  as  great  as  those  for  the 
alternative  type  IV  systems  (total  land)  because  of  less  power  at  the 
smaller  land  sites  associated  with  the  type  V alternative. 
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FU\D.AML\TAL  DIMENSION'S  OF  HUMAN  IMPACT 


Hie  impact  scores  recorded  in  the  average  C matrix  were  subjected  to 
a lactor  analysis  to  determine  whether  the  19  dimensions  of  human  activity 
could  be  combined  in  some  way  to  yield  a smaller  number  of  dimensions 
without  losing  information  about  the  total  impacts  involved. 

The  results  of  the  factor  analysis  of  the  C matrix  revealed  that 
over  98°  of  the  information  in  the  matrix  can  be  described  by  three 
fundamental  dimensions.  The  first  factor,  representing  47%  of  the 
information,  consists  primarily  of  the  following  human  activities: 
commercial  production,  industrial  production,  construction  service, 
public  service,  private  service,  employment,  income  and  public  finance. 

It  in  a sense  represents  an  economic  dimension. 

The  second  factor,  representing  46%  of  the  information,  consists 
primarily  of:  residential  activity,  immigration,  cul tural- educational , 
health  and  safety,  recreation,  aesthetics,  ecosystem  status,  community 
social  structure,  and  community  political  structure.  It  may  be  regarded 
as  the  human -ecological  dimensions  or,  more  simply,  the  human  dimension. 
Population  density  contributes  equally  to  each  of  the  two  fundamental 
dimensions . 

The  third  factor  consists  almost  entirely  of  food  production.  It 
should  be  noted  however,  that  all  19  of  the  original  activities  influence, 
to  some  extent,  each  of  the  three  fundamental  dimensions.  The  choice  of 
which  activities  associate  with  which  fundamental  dimension  was  made  on 
the  basis  that  the  particular  activity  contributed  half  or  more  of  its 
information  (numerical  judgements)  on  that  particular  fundamental  dimension. 

Analysis  of  the  impacts  of  system  elements  in  terms  of  these  three 
aggregate  dimensions  provides  a simple  approach  to  understanding  some 
of  the  results  described  previously.  The  impacts  of  the  individual 
system  elements  on  each  of  the  lundamental  human  activity  dimensions 
(Economics,  Human,  Food  Production)  are  shown  graphically  in  Figure  IMV-l. 
All  reference  elements  (the  elements  of  Alternative  I)  were  arbitrarily 
assigned  a zero  impact  and  are  represented  by  the  first  graph.  Elements 
2 through  5,  representing  collection  system  functional  category,  all  have 
strong  positive  impacts  on  the  human  factor  and  weak  positive  or  negative 
impacts  on  the  food  production  factor.  Element  2 displays  a weakly 
positive  impact  in  the  economic  factor,  while  element  3 through  5 show 
negative  impact  in  the  economic  factor,  w'hile  elements  3 through  5 show- 
negative  impacts  on  the  economic  factor,  most  strongly  for  the  land 
treatment  system. 

Elements  7,8,9  and  10  comprise  the  treatment  processes  and  facilities 
category.  None  of  the  elements  impact  strongly  on  food  production.  PC 
treatment,  element  7,  is  strongly  negative  in  both  the  economic  and  human 
dimensions.  Land  treatment,  element  9,  is  strongly  negative  in  the 
economic  dimension  but  only  weakly  negative  in  the  human  dimension. 

Elements  8 and  10,  the  AB  alternative,  produce  strong  negative  impacts 
in  the  economic  dimension  but  moderate  positive  impacts  in  the  human 
dimension. 

Hie  impacts  associated  with  the  application  of  sludges  to  agricultural 
land  are  represented  by  elements  12  through  15.  Element  12,  the  agricul 
tural  application  of  PC  sludge,  produces  strongly  negative  impacts  in  the 
economic  and  human  dimensions,  and  a weak  negative  impact  on  food  produc- 
tion. Elements  14  and  15,  where  the  sludge  is  taken  from  the  land 
treatment  or  mixed  land  treatment  plus  All  treatment,  produces  small  to 
moderate  negative  impacts  on  the  economic  and  human  dimensions  and 
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The  three  dimensional  profiles  for  the  system  elements  when  all  dimensions 
are  equally  weighted  (unit  weighting)  are  shown  in  Figure  E-IY-2.  line 
advantage  for  the  unit  weighting  approach  is  that  it  facilitates  the 
application  of  any  other  weighting  system  that  might  later  be  felt  to 
be  more  appropriate,  since  the  impact  score  in  each  dimension  can  be  con- 
tracted or  expanded  by  a simple  multiplication  by  a weighting  factor. 
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WEIGHED  IMF  ACTE  OF  SYSTEM  ELEMEMS  AND  SYSTEMS 

Tiie  tot  • 1 impact  score  for  a particular  system  element  is  obtained 
by  sunning  the  individual  impact  scores  arising  from  that  element  in 
each  human  activity;  that  is,  by  talcing  the  sum  of  the  scores  in  each 
row  of  the  average  C matrix.  If  such  a procedure  is  used,  each  human 
activity  is  considered  to  be  of  equal  importance  vis-a-vis  impact. 
Alternatively,  the  impact  score  for  each  activity  may  be  multiplied  by 
a weighting  factor  before  taking  the  summation.  A number  of  possible 
weighting  vectors  are  described  in  Annex  A.  The  impact  score  for  each 
system  element  was  calculated  utilizing  each  of  the  several  weighting 
vectors  described  earlier.  The  results  are  presented  in  Table  E-IV-2. 

From  these  scores,  total  system  weighted  impact  scores  can  be  calculated 
by  summing  the  system  element  scores  for  those  elements  comprising  a sys- 
tem . System  descriptions  and  the  resulting  system  weighted  impact  scores 
for  the  several  weighting  vectors  are  presented  in  Table  E-IV-3.  The 
weighted  scores  are  also  displayed  graphically  in  Figure  E-IV-3,  where  the 
unit  weighted  scores  are  also  displayed  on  the  ordinate.  Plotted  also  are 
the  'unweighted  system  scores  as  calculated  from  the  A matrix  alone  (see 
section  III  and  Table  E-III-2).  It  can  be  seen  that,  generally,  all 
systems  score  higher  under  the  evaluators ' priority  scheme  than  under 
the  unit  weighting  system.  Yet  is  is  also  clear  that  the  correlation 
between  the  two  sets  of  system  scores  is  very  strongly  linear.  This 
implies  that  even  if  all  impacts  are  valued  equally,  selecting  the 
highest  scoring  systems  will  result  in  a choice  which  satisfies  the 
evaluators'  human  activity  priorities. 

It  can  also  be  observed  that  in  only  two  cases  do  alternative 
systems  shift  in  their  rank  order  of  preference  between  the  equal  weight- 
ing scheme  and  the  impact  priorities  of  the  evaluators.  These  are  sys- 
tems 8 and  12,  both  distributed  land  treatment  alternatives.  The 
change  in  rank,  however,  amounts  only  to  an  increase  of  two  in  the  rank 
order  list  for  system  12,  and  one  for  system  8. 

This  ignores  the  fact  that  the  reference  system,  alternative  I,  has 
an  evaluators'  score  which  seems  inconsistent  with  the  scores  of  other 
systems.  That  is,  system  1,  which  is  alternative  1,  appears  to  score 
somewhat  lower  than  might  be  indicated  through  the  application  of  the 
unit  weighting  scheme,  or  the  weights  of  the  other  panels.  This  might 
be  explained  by  the  fact  that  the  evaluators  were  instructed  to  fix 
the  impacts  of  the  reference  system  at  the  zero  level.  Figure  E-IV-3 
suggests  that  this  assignment  of  zero  score  to  System  1 (Reference  System) 
was  somewhat  artificial,  and  that  to  be  consistent  with  the  evaluators' 
score  of  about  65.0.  Giving  System  I a 65.0  rating  would  also  necessitate 
adding  65.0  points  to  all  other  systems  ratings,  resulting  in  no  change  in 
overall  system  ranking.  As  it  stands,  the  evaluators  prefer  systems  5,8, 
and  9 to  the  reference  system;  the  former  is  a physical -chemical  system, 
while  the  latter  two  are  distributed  land  alternatives.  This  inconsistency , 
in  any  case,  is  of  minor  importance,  since  18  systems  are  distinctly 
preferred  to  the  reference  system. 

In  Figure  E-IV-3  the  effect  of  the  final  evaluators'  H vector  may 
also  be  compared  with  the  effect  of  the  impact  priorities  prepared  bv 
the  ccmmercial/industrial  panel.  The  evaluators  can  be  seen  to  score 
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alternative  systems  consistently  more  highly  than  would  the  corrmercial/ 
industrial  group.  The  strength  of  the  relationship  between  the  scores 
using  these  two  sets  of  human  impact  weights  can  be  compared  visually 
by  imagining  straight-  lines  drawn  through  both  groups  of  points.  If 
the  lines  are  on  top  of  each  other,  both  groups  are  rating  the  alterna- 
tives with  the  sane  numerical  values.  If  the  lines  are  parallel  to  each 
other,  there  is  strong  consistency  between  the  evaluation  panels  in 
their  interpretation  of  system  impacts.  If  the  lines  diverge,  that 
is,  if  the  distance  between  them  increases  regularly  with  increasing 
scores , consistency  between  panels  still  exists . Should  the  lines 
converge,  the  two  groups  would  be  inconsistent  in  their  assessment  of 
the  alternatives. 

It  should  be  evident  that  lines  drawn  through  the  points  represent- 
ing evaluators ' scores  and  commercial/industrial  panel  scores  would 
diverge  slightly,  indicating  that  the- two  groups  appear  to  be  in  close 
agreement  as  to  which  systems  are  best  and  which  are  worst. 

A similar  conclusion  may  be  drawn  from  the  relationship  between 
the  effect  of  the  final  evaluators'  scores  and  those  developed  using 
the  H vector  prepared  by  the  panel  of  planners  which  is  also  evident 
in  Figure  E-IV-3.  The  evaluators'  priority  system  rates  all  alternative 
systems  consistently  higher  than  does  the  planners'  priority  set,  but 
the  patterns  of  points  representing  the  sets  of  scores  suggests  very 
strong  agreement  between  the  groups  on  the  preferred  systems. 

At  least  two  general  implications  of  this  sensitivity  analysis 
should  be  considered.  First,  the  relative  priority  weights  for  human 
inpacts  developed  by  all  of  the  panels,  the  evaluators,  the  commercial/ 
industrial  group,  and  the  planners  have  a consistently  equivalent  effect 
on  the  final  scores  for  the  alternative  systems.  In  other  words,  even 
though  an  examination  of  the  priority  weights  developed  by  each  group 
indicates  some  important  differences  of  opinion,  these  differences  are 
in  human  activity  dimensions  which  are  relatively  unimportant  in  terms 
of  the  impacts  of  the  wastewater  treatment  alternatives.  In  those 
dimensions  which  are  of  major  importance  for  this  evaluation,  those 
impacts  which  have  a determining  effect  on  the  total  system  scores,  all 
of  the  panels  seem  to  agree  on  the  relative  importance  of  human  activities. 

INTERPRETATION  OF  SYSTEM  SCORES 

Several  patterns  are  illustrated  by  the  ranked  system  scores. 
Generally,  the  most  favored  systems  are  those  which  include  some 
advanced  biological  treatment  facilities.  Some  of  these  are  the  5 plant 
plus  6 land  alternatives,  which  treat  wastewater  from  suburban  areas 
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using  land  treatment.  More  specifically,  the  top  six  systems,  in  terms 
of  ranks  basal  on  matrix  scores,  all  include  advanced  biological  plants; 
four  of  these  six,  including  the  most  preferred  system,  are  5 plant  plus 
6 land  alternatives.  This  suggests  that  the  evaluators  view  both  AE  and 
land  systems  as  relatively  attractive  alternatives.  Probably  because  of 
the  negative  impacts  associated  with  the  taking  of  large  tracts  of  land 
for  the  pure  land  alternatives,  the  distributed  land  plus  plants  concept 
is  preferred. 

FurtheiTnore , it  was  suggested  that  the  combination  of  AB  plants  and 
land  treatment,  with  the  latter  serving  the  outlying  areas  around  Chicago, 
seems  particularly  attractive  from  the  perspectives  of  both  the  logical 
staging  of  construction  and  allowing  feasibility  testing  of  the  land 
treatment  concept  on  a large  scale.  For  example,  it  would  be  possible 
to  begin  to  expand  and  convert  the  five  metropolitan  CB  plants,  targeted 
to  be  used  for  the  advanced  biological  concept,  in  the  next  few  years. 

In  the  meantime,  full  scale  tests  of  land  treatment  strategy  could  be 
carried  out  within  the  C-SELM  area.  If  these  tests  served  to  prove  the 
land  concept,  the  5 plant  plus  land  scheme  could  be  implemented.  If  not, 
it  should  then  be  possible  to  implement  the  17  plant  AB  system,  which 
would  be  built  on  the  core  of  the  5 AB  plants  selected  initially. 

The  rank  order  table  also  shows  that  the  top  ranking  8 alternatives 
all  include  land  reclamation  as  the  mechanism  for  sludge  treatment.  In 
fact,  when  all  other  elements  of  any  two  alternatives  are  the  same,  the 
evaluators  indicate  substantial  preference  for  land  reclamation  over 
agricultural  application  for  all  types  of  systems  except  the  physical- 
chemical  and  conventional  biological  alternatives.  For  those  two  con- 
cepts the  land  reclamation  option  was  not  considered. 

Similarly,  when  all  other  elements  of  any  two  system  alternatives 
are  the  same,  the  evaluators  expressed  an  obvious  preference  for  obtain- 
ing potable  water  through  reuse  of  treated  wastewater,  as  opposed  to 
drawing  additional  water  from  Lake  Michigan. 

Finally,  in  the  case  of  all  alternatives  containing  land  treatment 
facilities,  those  systems  including  the  power  synergism  are  always 
preferred  to  systems  which  are  identical  except  for  the  absence  of  power. 

TOTAL  SYSTEM  IMPACTS  IN  THE  HUMAN  ACTIVITY  DIMENSION 

The  array  of  system  element  impacts  presented  in  Table  E-IV-1  can 
be  further  combined  to  reveal  the  impact  of  a complete  system  (an 
alternative  with  a particular  selection  of  options)  in  each  human 
activity  dimension.  This  is  accomplished  by  summing  the  Impacts  in 
each  dimension  Indicated  for  that  set  of  system  elements  comprising  a 
single  system.  The  results  of  such  an  analysis  are  displayed  in  Table 
E-IV-4 . 

The  rows  of  Table  E-IV-4  are  organized  in  descending  order  accord- 
ing to  wastewater  management  alternative  (I  to  V)  and  within  alternative 
by  system  number  according  to  the  type  of  sludge  disposal  and  then  accord- 
ing to  potable  water  sypply.  The  dimensions  of  human  activity  are  ordered 
so  as  to  place  those  with  the  most  positive  impact  on  the  left  side  of 
the  table  and  those  with  the  most  negative  impact  on  the  right  side. 

Examination  of  the  table  reveals  that  all  systems  produce  substantial 
positive  impacts  on  aesthetics,  ecosystem  status  and  recreation.  For 
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> table  Jo  not  connote  beneficial  or  detrimental  fi.e.  good  or  bad), 
ion  ami  magnitude  of  change,  without  deciding  whether  that  change  is 


Alternative  II  (the  PC  alternative)  all  other  Impacts  are  negative. 
Alternative  III  (17  plant  AB) , by  contrast,  produces  strong  to  moderate 
positive  inpacts  in  all  human  activities  except  construction  service 
and  conmercial  and  industrial  production.  Alternative  V (5  AB  plants  + 
land)  with  land  reclamation  for  sludge  management  is  nearly  identical 
in  impact  allocation  to  alternative  III.  Alternative  V with  agricultural 
utilization  of  sludge  produces  substantially  more  negative  inpacts  in  the 
areas  relating  to  economic  activity  (right  side  of  table).  Alternative 
IV  (land  treatment)  produces  substantially  more  negative  Inpacts  than 
any  other  alternative  except  II,  although  the  pattern  is  similar  to 
alternative  V. 


SYSTEM  IMPACTS  IN  TOE  THREE  FUNDAMENTAL  DIMEN3L  NS 

The  aggregate  impacts  of  the  23  systems  in  each  of  the  three 
fundamental  dimensions  (economic,  human,  food  production)  can  be 
calculated  by  summing  for  each  dimension,  the  impacts  of  the  appropriate 
system  elements  comprising  the  systems.  These  aggregate  impacts  are 
displayed  graphically  In  Figure  E-IV-^.  It  Is  interesting  to  note  that 
none  of  the  systems  produce  positive  impacts  in  the  economic  dimension 
(some  are  far  more  negative  than  others)  and  all  produce  positive  impacts 
in  the  human-ecological  dimension  (again  some  are  far  more  positive  than 
others).  The  impact  for  food  production  is  generally  small  for  all  systems, 
and  negative  only  for  the  systems  utilizing  physical-chemical  treatment 
(systems  2 and  3).  The  small  Impact  on  food  production  was  expected  since 
the  implicitly  weighted  system  element  scores  were  used  rather  than  the 
unit-weighted  ones  In  calculating  the  system  scores.  As  was  indicated 
earlier,  an  equal  weighting  of  each  of  the  three  dimensions  would  change 
the  graphs  only  to  the  extent  that  the  food  production  score  would  be 
magnified  several-fold. 

The  fact  that  food  production  impact  scores  are  small  suggested  that  a 
look  at  the  impacts  resulting  from  the  two  principal  dimensions  (economic 
and  human)  alone  might  be  revealing.  Recall  that  these  two  dimensions 
contribute  about  equally  to  the  average  system  scores  and  that  the  two 
together  account  for  about  93%  of  the  variation  in  system  scores. 

First  to  be  examined  are  the  system  element  scores.  Figure  E-IV-5  Is 
a graphical  display  of  the  26  system  elements  plotted  according  to  their 
scores  in  each  of  the  two  fundamental  dimensions:  economic  (vertical  axis) 
and  human  (horizontal  axis).  Thus  element  16  is  the  highest  scoring 
element  In  the  human  dimension  while  element  2 5 is  the  highest  scoring 
element  in  the  economic  dimension.  The  diagonal  lines  represent  combined 
impact  scores  if  the  two  dimensions  are  weighted  equally.  Higher  (more 
positive)  combined  Impacts  correspond  to  diagonals  near  the  upper-right, 
comer  of  the  graph  while  low  (more  negative)  combined  impact  scores 
correspond  to  the  diagonals  at  the  lower  left  comer  of  the  graph. 
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SYSTEM  SCORES  IN  THREE  FUNDAMENTAL  DIMENSIONS 
(IMPLICIT  WEIGHTINGS) 
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These  system  element  impact  scores  can  also  be  utilized  to 
calculate  total  system  scores  in  these  two  dimensions.  Figure  E-IV-6 
provides  a graphical  display  of  these  system  scores  in  the  economic 
(vertical)  and  human  (horizontal)  dimensions.  Again  the  diagonal  lines 
represent  the  combined  impact  scores  for  the  two  dimensions  according  to 
their  implicit  (unequal)  weightings.  The  numerical  score  for  a system  as 
shown  on  this  graph  relates  directly  to  the  unit-weighted  system  score 
shown  in  Table  E-IV-3  in  that  the  difference  between  the  uait-weighted 
score  and  the  score  from  Figure  E-IV-6  is  the  score  attributable  to  food 
production.  A major  advantage  of  this  graphical  presentation  is  that  it 
permits  the  reader  to  examine  visually  the  consequences  of  any  desired 
weightings  of  the  two  dimensions  of  impact.  That  is,  the  vertical  or 
horizontal  scale  could  be  multiplied  by  some  number  to  magnify  the  effect 
of  that  dimension.  The  inpact  scores  in  the  economic  dimension  could  be 
arbitrarily  doubled  to  make  the  contribution  of  that  dimension  twice  that 
of  the  human  dimension.  Such  a change  would  cause  the  diagonal  lines  to 
be  sloped  less  steeply  downward  to  the  right  and  compressing  the  lines 
more  tightly  together. 

DISPARATE  VIEWPOINTS: 

When  the  system  scores  for  individual  judges  are  examined,  it  is 
found  that  there  is  considerable  disagreement  about  the  impacts.  Only 
the  major  conclusions  are  suirmarized  here.  Details  about  the  specific 
differences  and  methods  of  analysis  are  contained  in  Annex  B.  The 
information  contained  there  is  important,  because  It  allows  the 
individual  viewpoints  to  be  examined.  If  there  is  reason  to  value  one 
expert's  judgment  over  that  of  amother,  this  can  be  done  at  the  discretion 
of  the  reader.  It  is  also  possible  to  identify  questions  about  why  a 
given  judge  responded  the  way  he  did.  Such  question,  if  not  answered  in 
the  narrative  section  of  this  report , can  then  be  addressed  to  the 
appropriate  judge  for  explanation. 

Mathematical  analysis  of  the  inter-judge  differences  among  system 
scores  shows  that  there  are  seven  independent  dimensions  of  judgment  being 
expressed.  In  other  words,  we  can  simplify  the  thirteen  overlapping  judges 
into  seven  contrived  independent  "judges."  Some  of  these  contrived  "judges" 
are  represented  more  strongly  in  the  real  panel  than  others,  suggesting 
that  our  panel  is  biased.  That  Is,  some  viewpoints  are  being  given  more 
emphasis  in  the  average  results.  When  this  bias  is  removed  mathematically , 
the  effect  is  generally  a relative  increase  in  scores  for  systems  with 
potable  reuse  and  agricultural  sludge  disposal.  There  is  a relative 
lowering  of  the  type  V system  scores.  The  land  systems  with  land  reclamation 
tend  to  fall  slightly  while  land  systems  with  agricultural  sludge  disposal 
tend  to  rise  slightly.  The  system  with  the  best  "unbiased"  average  score  is 
number  7 (17  plant  AB  with  land  reclamation  and  potable  reuse) , followed  by 
14  (land  treatment),  2 3 (AB  plus  land),  ^1  (17  plant  AR),  and  15  (land 
treatment).  The  best  three  all  include  land  reclamation  and  potable  reuse. 
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If  it  is  believed  that  the  judges  are  all  equally  credible  and  that 
disagreements  arise  because  each  is  considering  at.  incomplete  and  somewhat 
different  part  of  the  whole,  then  the  unbiased  average  is  the  most 
meaningful  composite  score,  however,  If  some  judges  are  more  correct  than 
others,  the  biased  view  is  best,  because  It  tends  to  be  influenced  by 
consensus,  i.e. , overly  represented  points  of  view. 

In  general  there  is  disagreement  about  all  systems,  except  the 
reference  system,  which  is  zero  iri  all  viewpoints  by  definition.  For  the 
other  systems,  there  is  about  twice  as  much  disagreement  on  #3  (PC)  where 
the  least  consensus  occurs,  as  on  #7  (17  plant  AB)  where  consensus  is  best. 
System  #7  is  also  the  most  desirable  with  regard  to  the  unbiased  average 
score.  Systems  2 and  3 (both  PC),  which  are  among  the  least  desirable,  are 
also  among  those  for  which  disagreement  is  greatest.  The  only  other 
obvious  regularity  is  that  the  systems  including  the  power  option  are  all  in 
the  middle  range  of  disagreement  at  about  the  same  level. 

When  the  thirteen  judges  are  simplified  mathematically  into  the  seven 
independent  dimensions  of  judgment,  and  when  these  seven  dimensions  are 
weighted  equally  to  remove  bias,  it  is  possible  to  examine  multivariate 
differences  among  systems.  That  is,  it  is  possible  to  compare  systems  in 
terms  of  all  the  points  of  view,  including  all  disagreements.  When 
comparisons  are  made  in  terms  of  average  scores,  much  of  the  individual 
viewpoint  is  lost.  If  it  is  assumed  that  each  judge  has  expressed  an 
important  and  valid  part  of  the  impact , the  multivariate  comparison  among 
systems  is  more  meaningful  than  the  average.  Analysis  shows  that  the 
potable  needs  option  has  relatively  little  effect  on  impact  and  is  the  least 
important  system  variable.  If  this  option  Is  removed,  we  can  reduce  the  set 
of  systems  from  23  to  12  with  a loss  of  only  about  15%  of  all  inter-system 
differences. 

With  regard  to  system  types  IV  and  V,  the  sludge  disposal  option 
creates  greater  differences  in  impact  than  the  treatment  process  when  power 
is  not  present.  However,  when  power  is  present,  differences  in  treatment 
processes  are  more  important  than  sludge  disposal.  In  fact,  type  IV  with 
power  resembles  type  III  in  total  impact  more  than  it  resembles  any  other 
system  category,  including  type  IV  without  power.  Type  V and  type  IV  without 
power  tend  to  resemble  the  reference  system  more  than  they  resemble  type  III 
or  type  IV  with  power.  Ttypes  I,  III,  IV  and  V are  more  similar  to  each  other 
than  to  system  type  II  (the  physical-chemical  treatment).  This  treatment 
process  is  in  a category  by  itself,  producing  a very  different  spectrum  of 
impacts. 

Description  and  explanation  of  the  specific  ways  the  judges  disagree 
with  each  other  is  too  complex  a task  to  include  in  this  summary.  The 
information  in  Annex  B shows  that  the  disagreement  is  extensive  with 
respect  to  treatment  process,  sludge  disposal,  power,  and  potable  reuse. 

These  disagreements  are  described  in  the  Annex,  and  a simplified  version  of 
the  individual  A-matrix  a] lows  the  reader  to  reconstruct  the  specific 
impacts  that  have  been  judged  to  occur.  For  explanation  of  these  impacts, 
the  narrative  comments  in  Section  V and/or  the  judge  himself  must  be  consulted. 


E-1V-19 


ECONOMIC 


SECTION  V:  THE  IMPACTS  AS  EXPLAINED  ”’Y  THE  EVALUATION  TEAM 


INTRODUCTION 

The  preceding  sections  describe  the  results  of  the  numerical 
estimates  of  system  impacts.  This  section  identifies  the  implications 
envisioned  by  individual  members  of  the  evaluation  team,  while  rating 
the  numerical  "A"  matrix  (social -environmental)  impacts.  The  stimu- 
lation of  such  comments  was  one  of  the  primary  purposes  of  the  numerical 
procedure. 

We  recognized  from  the  start  that  technological  impact  is  a com- 
plex multi-disciplinary  phenomenon  that  cannot  be  treated  adequately  by 
any  one  person  or  discipline.  Therefore,  a panel  of  varied  specialists 
was  selected,  and  a strategy  developed  that  could  extract  their  wisdom. 
The  strategy  is  multi-faceted,  focusing  on  several  objectives. 

1.  Educating  the  panel  members  about  the  alternative  systems  and 
their  impact  processes; 

2.  Catalyzing  communication  and  interaction  among  the  various 
academic  disciplines; 

3.  Forcing  numerical  judgements  on  specific  aspects  of  impact  as 
defined  in  the  matrix  structure,  and 

4.  Stimulating  the  panelists  to  examine  the  system  impacts  micro- 
scopically and  systematically  and  to  record  their  comments 

on  and  explanations  of  specific  impacts. 

In  a sense,  the  numerical  procedure  might  be  regarded  as  an  edu- 
cational game,  with  verbalized  comments  and  explanations  from  individ- 
ual panelists  being  the  ultimate  product.  When  viewed  in  this  way,  the 
numbers  are  a means  to  an  end  rather  than  an  end  in  themselves.  Never- 
theless we  believe  we  have  shown  that  numerical  analyses  contain  much 
useful  descriptive  information.  Likewise  we  believe  that  the  following 
narrative  contains  useful  explanations. 

Where  consensus  occurs,  it  is  clearly  indicated.  However,  in 
several  instances  different  points  of  view  were  expressed  concerning 
the  impacts  of  particular  system  elements.  (See  Annex  B for  a technical 
analysis  of  the  different  view  points)  Where  differences  of  opinion 
exist  the  several  opinions  are  each  expressed.  The  comments  are  dis- 
cussed in  terms  of  the  five  module  categories  encompassing  the  systems 
and,  additionally,  includes  a discussion  of  the  various  management 
proposals  for  all  excavated  materials. 
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METHOD  USED  TO  CATEGORIZE  IPS' ATI 


In  accordance  with  the  wishes  of  the  'hicago  District , ' .urn 
Cores  of  Engineers,  the  environmental  and  human  impact  naramet'  r: 
identified  in  our  Evaluation  Methodology  wi  b(  liseussi  i in  th  :on 
text  f the  following  categories:  Ecological , Social,  Aesthetic , 

Hygienic  , and  Economic  ■ The  iesinr.  components  of  wac‘.ewat< 
management  systems  will  again  serve  as  major  Jircucri  :aie.*ori*v 
follovring  the  format  alrea  iy  established  in  rrevi  .is  sect!  nr  f tin. 
report.  The  five  subcategories,  as  underlined  at  , will  Ir  ’In  ie 
the  following  parameters: 

Ecological 

Surface  Water  Quality 
Surface  Water  Quantity 
Subsurface  Water  Quality 
Subsurface  Water  Quantity 
Air  Quality 
Soil  Quality 

Rare  and  Endangered  Species 
Terrestrial  Biotic  r'onmunities 
Aquatic  Biotic  'i'omunities 
Mineral  Resources 

Social 

Public  Service 
Private  Service 
Immigration 
Population  Density 
Employment 

Access  to  Cultural/Educational  Activities 
Recreation  Opportunities 
Community  Political  Structure 
Corrmunity  Sociological  Structure 
Cultural/Scientific  Sites 
Present  and  Potential  Sind  Use 

Aesthetic 

Residential  Area  Ouality 

Park/Greenbelt/ A •n  Si  ace  Quality 

Comoro e Area  Quality 

Olor 

Hoise 

Agriculture  An-. ‘a  Quality 
Hygienic 


Health 

Safety 


Economic 


Conmereial  Production 
Industrial  Production 
Agricultural  Production 
Industrial  Production 
Construction  Services 
Bnployment 
Income 

Consumption  of  Goods  and  Services 
Public  Finance 


COLLECTION,  TRANSPORTATION  AND  STORAGE  OF  INPUT  WATER 

Conrients  in  this  category  are  related  to  1)  impacts  arising  from 
the  collection  and  storage  of  stormwater;  and  2)  impacts  attributable 
to  the  differences  in  collection,  transportation,  and  storage  required 
by  differing  numbers  and  locations  of  treatment  facilities. 

MANAGEMENT  OF  STORMWATER 

The  reference  system  (I)  provides  for  management  of  some  urban  and 
suburban  stormwater.  Corrmon  to  all  the  NDCP  alternatives  (systems  II, 
III,  IV  and  V)  however,  is  the  management  of  nearly  all  of  the  stormwater 
in  rural,  suburban  and  urban  areas. 

Some  of  the  most  positive  inpacts  ascribed  to  the  various  waste- 
water  management  components  in  our  evaluation  show  up  in  surface  water 
quantity  and  quality  as  affected  by  the  collection,  transportation  and 
storage  component.  The  evaluators  very  clearly  attribute  this  to  the 
stormwater  management  provisions  of  the  Alternatives  II  through  V and 
this  is  reflected  in  the  essentially  equivalent  positive  scores  for  all 
these  systems.  Since  in  this  category  we  are  dealing  with  collection 
and  storage  (treatment  is  considered  in  a latter  section),  surface 
water  quantity  is  judged  to  be  somewhat  more  positively  affected  than 
quality  when  Alternatives  II  through  V are  compared  to  Alternative  I. 

The  reasons  for  this  become  clearer  In  the  following  discussion. 

Ecological 

a.  Surface  Water  Quality  Surface  water  quality  is  improved  by 
prevention  of  sudden  influxes  of  large  quantities  of  pollutants  con- 
tained in  overload  flows  that  occur  during  storms.  "First  flush" 
stormwater  and  agricultural  runoff  contain  a high  level  of  BOD  and 
suspended  solids,  as  shown  on  Table  E-V-l. 
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TABLE  E-V-l 


STORM  RUNOFF  QUALITY  PARAMETERS 


Nature  of  Area 

Soluble  Phosphorus 
Mg/1 

BOD 

Mg/1 

Suspended  Solids 
Mg/1 

Urban-Served  by 

Combined  Sewers 

l.C 

10 

130 

Suburban-Served 

by  Separate  Sewers 

0.25 

20 

500 

Rural -Served  by 
(Partially) 
Storm  Sewers 

1.0 

10 

550 

* Reference  Appendix  A 


Most  of  the  storm  runoff,  including  agricultural  runoff,  eventually 
finds  its  way  to  C-^SELM  streams  rather  than  Lake  Michigan.  Therefore, 
except  for  a few  urban  areas  like  Gary,  Hammond,  Whiting  and  East 
Chicago  in  Indiana  and  Lake  County  in  Illinois,  where  other  storm- 
water management  techniques  are  necessary,  the  major  improvement  in 
water  quality  from  stormwater  collection  will  occur  in  the  streams, 
not  Lake  Michigan. 


b.  Surface  Water  Quantity  Surface  water  quantity  is  effectively 
regulated  through  the  collection  and  storage  of  substantially  all  run- 
off in  the  C-SELM  area.  Temporal  and  spatial  availability  of  surface 
water  is  thus  controlled.  Flood  plain  relief  achieved  thereby  in  the 
C-SELM  area  is  calculated  to  be  59,900  acres. 

c.  Subsurface  Water  Quality  and  Quantity  Subsurface  water  quality 
and  quantity  is  not  expected  to  be  affected  since  the  storage  impound- 
ments are  to  be  sealed.  On  the  other  hand,  these  impoundments  could  be 
located  and  designed  so  as  to  enhance  groundwater  recharge,  particularly 
in  suburban  "need  centers".  In  such  suburban  "need  centers"  the 
quantity  of  groundwater  would  be  increased  and  the  evaluators  viewed 
tills  favorably  (positively).  The  groundwater  quality  may  be  somewhat 
unfavorably  (negatively)  affected,  particularly  in  terms  of  TDS  (Total 
Dissolved  Solids)  but  the  final  use  of  the  water  should  not  be  impaired. 
Overall,  the  evaluation  team  rated  this  positively  and  recommends 
further  investigation  of  this  possibility. 
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d.  Energy  Resources  One  negative  Impact  of  the  stormwater  manage- 
ment aspect  of  the  NDCP  Alternatives  is  on  energy  resources . This  is 
negative  only  in  the  context  of  consumption  of  energy.  Considerable 
energy  (calculated  at  12*)0  megawatt  hours/day  in  1990)  is  required  to 
pump  stormwater  which  has  been  collected  around  the  C-SELM  area  for 
storage  and  treatment.  As  the  above  figure  indicates,  however,  there 

is  no  discrimination  among  the  several  NDCP  alternatives  in  this 
respect . 

e.  Biotic  Coimunities  Construction  of  rural  stormwater  manage- 
ment systems  results  in  an  increase  of  standing  water  biotic  ccrrmunities 
(ponds)  and  a reduction  in  flowing  water  (streams)  and  terrestrial 
communities  (land  areas).  This  trade-off  is  not  viewed  as  having  a 
negative  effect  on  the  distribution  or  diversity  of  biotic  comnunities 
in  areas  already  highly  modified  by  man.  In  undisturbed  areas,  however, 
such  management  is  potentially  destructive  of  certain  types  of  biotic 
communities  (e.g.,  prairie  patches,  marshes,  forest  stands)  and  unique 
or  rare  species  (e.g..  Prairie  Chicken).  The  specific  site  character- 
istics of  all  such  areas  must  therefore  be  studied;  some  areas  may  be 
used  if  extreme  care  is  taken,  while  others  may  have  to  be  completely 
avoided.  The  nature  of  the  C-SELM  study  did  not  enable  detailed  design 
locations  nor  impact  analysis  of  specific  locations.  Stormwater  storage 
lagoons  should  not  create  any  mosguito  problems,  due  to  fluctuating  water 
levels  and  the  presence  of  viable  fish  populations. 

Social 


a.  Public  and  Private  Service  There  will  be  same  degree  of 
disruption  in  terms  of  public  and  private  access  to  transportation  and 
communication  services  at  the  time  of  construction  of  the  collection 
and  storage  systems  (pipelines  and  impoundments)  which  results  in  a 

. temporary  negative  impact.  Over  time,  however,  this  should  prove 

minimal. 

b.  Recreation  Opportunities  There  will  definitely  be  an  in- 
crease in  recreational  and  open  space  because  of  the  stormwater  manage- 
ment characteristics  of  Alternatives  II  - V.  Some  part  of  this  could 
be  potentially  provided  by  the  streams  and  the  adjoining  flood  plain. 
Another  part  will  be  provided  by  the  rural  and  suburban  stormwater 
impoundments  if  properly  designed  and  made  accessible  to  the  public. 
Furthermore,  these  facilities  should  be  designed  as  a recreational 
resource;  they  should,  if  at  all  possible,  be  accessible  to  the  public 
for  boating,  fishing  and  picnicing. 

c.  Present  and  Potential  Land  Use  An  equal  amount  of  land  is 
required  by  Alternatives  II-V  for  rural  and  suburban  storage  to  effect 
the  regulation  of  stormwater,  viz.  20,300  acres  of  suburban  land  pur- 
chased for  1990,  17,5^8  acres  of  rural  land  purchased  and  10*4,1^8  acres 
utilized  in  1990.  Offsetting  these  losses  is  the  59,900  acre  gain  from 
floodplain  relief  noted  above.  Some  negative  impact  on  agricultural 
land  use  is  suggested  by  the  evaluators  for  those  areas  where  land  is 
taken  out  of  production  for  stormwater  storage.  With  careful  siting, 
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this  impact  should  be  minimal.  The  rural  and  suburban  impoundments 
must  be  sited  so  as  to  not  seriously  interfere  with  present  residential 
land  use  or  in  areas  which  have  high  potential  for-  such  use.  For  ex- 
ample, the  Porter  County,  Indiana  site,  used  for  illustrative  purposes 
by  the  C-SELM  design  engineer  has  a pond  scheduled  for  an  area  on  which 
there  are  presently  a great  many  modern  residences.  We  realise , of 
course,  that  tills  sort  of  problem  will  be  obviated  as  final  locations 
of  all  system  components  would  be  carried  out  only  after  full  field 
investigation.  But  the  incident  focuses  attention  on  the  fact  that 
there  are  certain  areas — such  as  this  morainal  area  In  Porter  County — 
which  by  virtue  of  their  soils  and  location  near  population  growth 
centers  are  eminently  suitable  for  residential  purposes.  It  would  be 
wise  to  recognize  this  in  locating  the  management  systems  so  as  to  avoid 
considerable  phasing  out  of  the  ponds  from  their  primary  stormwater 
collection  use  when  an  area  changes  its  land-use  designation.  On  the 
other  hand,  the  ponds  can  be  phased  quite  well  into  the  urban  environ- 
ment. 


The  use  of  flood  plain  lands  made  available  by  flow  control  must 
be  carefully  regulated.  Such  lands  should  be  reserved  only  for  agri- 
culture, recreation,  and  other  open  space  uses  for  only  these  types  of 
activities  can  sustain  flooding  over  time. 

Aesthetic 


a.  Residential/Open  Space  Quality  The  stormwater  storage  ponds 
should  be  landscaped  so  as  to  complement  residential  and  open  space 
land  use;  irregular  shoreline  and  aesthetically  pleasing  relief  would 
be  desirable.  According  to  the  information  received  from  the  engineer- 
ing consultant,  these  design  criteria  would  be  incorporated. 

The  above  improvements  in  surface  water  quantity  and  quality  may 
be  accompanied  by  some  enhancement  of  sensory  quality , for  example 
clearer  water  in  C-SEIM  streams  (not  choked  with  algae  and  debris) 
and  relief  from  flooding  unsightliness. 

Hygienic 


a.  Health  The  evaluation  team  has  expressed  some  concern  rela- 
tive to  the  use  of  stormwater  impoundments  for  body  contact  recreation. 
Effective  monitoring  is  suggested  prior  to  and  during  the  use  of  these 
impoundments  for  swimming.  The  use  of  impoundments  for  these  purposes, 
if  desired  by  rural  communities,  would  require  appropriate  chlorination 
to  meet  all  health  standards  set  for  Indiana  and  Illinois. 

b.  Safety  The  reduction  in  flooding  potential  for  C-SELM  stmuns 
(59,000  acres)  lias  a significant  positive  impact  on  the  safety  of  people 
and  development  now  locate!  in  or  near  flood  plains. 

Adequate  management  and  supervision  are  required  in  order  to  con- 
trol and  assure  safe  use  of  the  stormwater  management  ponds. 


.1 


Economic 


a.  Income.  Ways  should  be  found  to  minimize  the  impact  of  storm- 
water management  impoundments  on  the  land-use,  particularly  in  the 
rural  areas.  Perhaps  a lease  arrangement  similar  to  that  proposed  for 
the  land  treatment  areas  outside  the  C-SELM  Region  could  be  arranged 
which  would  allow  the  farmer  to  continue  to  farm  the  land  utilized  for 
rural  storm  water  treatment.  Also  in  some  situations,  access  to  the 
water  impoundments  may  be  provided  for  stock  watering. 

NUMBER  AND  LOCATION  OF  TREATMENT  PLANTS  AND  LAND  SITES — EFFECT  ON 
COLLECTION  AND  STORAGE 

As  the  number  of  treatment  plants  decreases,  an  increase  is  ex- 
pected in  the  number  and  length  of  pipelines  and  tunnels  for  wastewater 
conveyance,  though  the  specific  location  of  the  plants  also  is  a factor. 
The  graphics  provided  by  the  design  consultant  appear  to  confirm  this 
expectation. 

Ecological 

a.  Terrestrial  Biotic  Conmunities  Most  of  the  impacts  associated 
with  the  construction  of  the  conveyance  system  (pipelines)  would  cause 
only  temporary  and  localized  environmental  disruptions.  Comments  are 
directed  at  the  disturbance  of  biotic  communities  and  unique  or  rare 
things  which  would  be  irreparably  altered  and  which  are  likely  to 
accompany  pipeline  construction.  The  more  extensive  these  pipelines 
the  more  negative  this  impact  is  judged  to  be.  For  example,  pipelines 
that  impact  on  the  Indiana  Dunes  National  Iakeshore,  an  area  encompass- 
ing several  unique  and  particularly  fragile  biotic  conmunities,  and 
other  similar  natural  areas,  are  considered  to  be  especially  deleterious. 

Tunnel  construction  will  not,  necessarily,  involve  surface  dis- 
ruption. In  fact,  the  removed  tunnel  spoil  materials  can  be  put  to 
good  use,  as  discussed  later. 

b.  Mineral  Resources  The  extensiveness  of  the  conveyance  system 
is  not  judged  as  having  a negative  impact  on  mineral  resources.  This 
is  probably  because  the  evaluators  felt  that  the  resources  consumed  in 
pipeline  construction  were  relatively  abundant  and  because  the  tunneling 
will  produce  considerable  quantities  of  aggregate  materials. 

Social 

a.  Access  Various  disruptions  to  access  (conmunication  facilities, 
transportation,  etc.)  will  occur  when  the  pipeline  conveyance  aspects 
of  the  wastewater  management  systems  are  constructed.  These  disruptions 
will  primarily  be  temporary  inconveniences  characteristic  of  construction 
such  as  traffic  rerouting,  etc. 
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b.  Potential  Land  Use  The  location  of  sewage  conveyance  pipelines 
will  influence  residential  developments,  in  particular.  Growth  will 
follow  conveyance  lines,  if  free  access  is  provided. 


Aesthetic 


The  aesthetic  impacts  expected  when  implementing  the  pipeline 
conveyance  system  include  noise,  dust  and  visual  contrasts  with  normal 
conditions.  Obviously,  the  more  pipeline  conveyance  involved,  the 
greater  the  significance  of  the  impact. 

Hygienic 

Pipeline  construction  guidelines  dictate  safety  requirements.  The 
evaluators  have  accepted  these  guidelines  as  acceptable  assurance  of 
adequate  safety  measures. 

Economic 


a.  Energy  Resources  Though  the  several  systems  differ  very 
little  in  their  overall  energy  requirements  for  stormwater  management, 
they  do  differ  in  their  energy  requirements  for  wastewater  conveyance 
as  a result  of  the  differing  numbers  and  locations  of  the  treatment 
facilities.  It  is  calculated  that  548  megawatt  hours/day  will  be  re- 
quire! for  Alternative  I in  1990,  592  for  II,  567  for  III,  801  for  IV 
and  714  for  V.  The  total  energy  requirements  for  these  combined  func- 
tions is  considered  sufficiently  large  to  judge  all  NDCP  Alternatives 
as  having  a negative  impact  with  respect  to  this  parameter.  Differences 
between  the  NDCP  sytems  are  considered  large  enough  to  judge  Alternative 
IV  as  having  a much  greater  negative  impact  in  terms  of  electrical  con- 
sumption than  Alternative  II  and  III,  with  system  V having  an  inter- 
mediate negative  impact  when  compared  to  Alternatives  II,  III  and  IV. 

TREATMENT  FACILITIES  AND  PROCESSES 

In  assessing  the  impacts  resulting  from  the  treatment  facilities 
and  processes,  the  evaluators  viewed  these  as  "factories"  (structures 
■'ind/or  areas  within  which  the  wastewater  treatment  processes  takes 
place)  without  regard  to  the  final  product.  Since  the  improvement  in 
water  quality  is  evaluated  in  a different  category  and  is  considered 
later  in  this  section,  it  would  then  be  understandable  that  the  impacts 
of  treatment  facilities  and  processes  arc  mostly  negative,  reflecting 
the  consumption  of  land,  energy  and  mineral  resources  in  the  construc- 
tion and  operation  of  "factories" . Moreover,  these  "factories"  affect 
sensory  and  aesthetic  qualities  in  their  vicinity,  produce  air  pollu- 
tants and  influence  access  in  terms  of  transportation,  communication 
and  service. 
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In  this  category  of  system  elements,  several  themes  of  corrments 
emerge:  a)  advanced  biological  treatment  versus  physical-chemical 

treatment,  b)  land  treatment  versus  advanced  biological  treatment; 
and  c)  the  effect  of  number  of  plants,  number  of  land  sites,  or  mix 
configuration  on  various  impacts.  Each  theme  is  discussed  below. 

ADVANCED  BIOLOGICAL  TREATMENT  VS . PHYSICAL-CHEMICAL  TREATMENT 

Ecological 

a.  Air  Quality  Because  of  the  incineration  processes  associated 
with  PC  plants,  the  impact  on  air  pollution  and  sensory  quality  in  urban 
areas  is  expected  to  be  significantly  more  negative  than  corresponding 
impacts  from  AB  plants  as  shown  in  Table  E-V-2. 
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b.  Biotic  Communities  Although  the  cause  arid  effect  relationship 
of  air  pollutant  emission  on  biota  are  not  well  documented  in  the  lit- 
erature especially  at  the  levels  indicated  above,  the  evaluators  felt 
that  the  PC  process  relative  to  the  AB  and  land  processes  produces 
emissions  that  may  have  a long  term  negative  effect  on  biotic  communities 
when  added  to  those  emissions  already  present  in  urbanized  areas. 

c.  Mineral  Resources  The  PC  process  does  not  foster  a wise  use 
of  resources.  It  takes  potentially  useful  and  recyclable  material 
resources  and  significant  energy  resources  and  converts  them  into  nox- 
ious air  pollutants  as  well  as  less  useable  sludge.  The  comparative 
resource  requirements  are  identified  in  Table  E-V-3. 

Clearly,  among  the  alternatives,  the  PC  process  is  the  most  consump- 
tive of  natural  resources.  Particular  concern  was  expressed  over  avail- 
ability of  natural  gas  supplies.  Table  E-V-4  indicates  resource  de- 
pletion estimates  under  various  conditions.  If  the  low  estimate  of 
ultimately  recoverable  resources  is  correct,  the  outlook  for  domestic 
gas  is  grim  despite  massive  imports  (60  percent  of  domestic  supply)  and 
an  accelerated  development  of  synfuel  production  facilities. 

Social 

a.  Immigration  As  indicated  in  Table  E-V-5,  the  PC  plants  require 
significantly  fewer  relocations  than  AB  plants  which  might  counter- 
balance the  negative  impacts  (air  and  sensory  quality)  in  the  short  run. 
In  the  long  run,  (50  year  system  life)  however,  relocation  impacts  would 
not  have  a significant  negative  impact.  It  is  suggested  that  more  de- 
tailed site  design  at  a future  date  may  reduce  the  impact  of  relocation 
by  including  appropriate  relocation  considerations  as  a specific  design 
factor. 

b.  Present  and  Potential  Land  Use  Air  pollution  from  PC  plants 
will  have  a significant  negative  impact  on  residential  land  use  for  some 
distance  around  the  plant  (e.g.,  the  former  incineration  facilities  at 
the  Stickney  plant) . If,  however  the  PC  plant  is  located  in  an  area 
already  highly  industrialized,  the  effect  on  residential  land  use  would 
lose  significance. 

Aesthetic 

The  air  pollutants  generated  from  PC  plants  will  impact  on  people 
via  visual  and  odor  parameters.  PC  plants  are  therefore  considered 
negative  relative  to  the  other  technologies  evaluated. 

Hygienic 

No  correlation  has  been  established  between  the  expected  pollutant 
emission  concentrations  from  the  PC  or  AB  plants  and  incidence  of  dis- 
ease. However,  introducing  additional  air  pollutants  into  an  area 
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RESOURCE  IMPACT 


Natural  Gas  produced  and  consumed  by  heated  anaerobic  digestors. 
Excess  natural  Gas  produced  by  heated  anaerobic  digestors. 


TABIE  E-V-4  * 

RESOURCE  DEPLETION  ESTIMATES  FOR  VARIOUS  SCENARIOS 


Year  in  which  all  ultimately  recoverable 
resources  are  depleted 


Low  estjmate 

High 

estimate 

Fuel  and  case  description  EGM**  RGM*** 

EGM 

RGM 

Natural  gas: 


No  imports,  no  synfuel 

1989 

1991 

2000 

2007 

No  imports,  synfuel 

1990 

1992 

2008 

2016 

Imports,  no  synfuel 

1993 

1997 

2010 

2025 

Imports,  synfuel 

1996 

2000 

2037 

(**#*) 

Petroleum : 

No  imports,  no  synfuel 

1988 

1988 

2011 

2014 

No  imports,  synfuel 

1989 

1989 

2027 

2030 

Imports,  no  synfuel 

2001 

2003 

2031 

2038 

Imports,  synfuel 

2006 

2008 

(#***) 

(***#) 

Coal: 

No  synfuel 

(#*##) 

(****) 

(***#) 

(#***) 

Synfuel 

2032 

(#***) 

2044 

(****) 

* The  Table  above  was  taken  from  a report  of  a "Cornell  Workshop  on 
Energy  and  the  Environment"  sponsored  by  the  NSF  RANN  Program, 
and  issued  by  the  Senate  Committee  on  Interior  and  Insular  Affairs. 

**  EGM  - an  extrapolated  growth  model  which  assumes  past  exponential 
growth  in  demand  for  gas,  petroleum  and  electricity  at  6.2  percent, 
3.9  percent  and  6.1  percent  per  year,  respectively. 

***  RGM  - a reduced  growth  model  which  assumes  that  growth  in  total 
demand  for  gas,  petroleum,  and  electricity  drop  to  3 percent, 

3 percent  and  4 percent  per  year,  respectively. 

****  Beyond  2050 


* 


already  containing  significant  amounts  of  industrial  stack  emissions 
may  have  significance  in  the  long  run.  Although  the  effects  of  chronic 
but  low  levels  of  exposure  to  air  pollutants  are  not  very  certain, 
evidence  is  slowly  accumulating  that  suggest  an  association  between  such 
levels  of  pollution  in  urban  communities  and  mortality  and  morbidity 
rates  due  to  lung  and  bronchial  cancer,  chronic  bronchitis,  emphysema, 
asthma  and  pneumonia.  Most  experts  seem  to  agree  that  respiratory  dis- 
ease rates  are  higher  for  persons  whose  occupation,  place  of  residence 
or  level  of  activity  brings  than  into  more  than  average  contact  with 
pollutants  normally  found  in  urban  areas.  (1,2)  In  addition  to  such 
serious  diseases,  problems  such  as  eye  irritation,  throat  irritation 
and  colds  also  have  been  mentioned  as  being  associated  with  increased 
levels  of  air  pollution.  (3) 

Economic 


a.  Public  Finance  It  is  important  to  note  that  the  increased 
land  requirements  for  AB  over  PC  occurs  in  urban  areas  at  relatively 
high  incremental  land  costs. 

LAND  TREATMENT  VERSUS  TREATMENT  PLANTS 

For  the  purposes  of  this  assessment,  the  treatment  effectiveness 
of  the  land  treatment  process  was  assumed  equivalent  to  that  achieved 
by  the  other  "plant"  technologies.  Thus  as  with  the  other  treatment 
processes  the  social  environmental  assessment  was  predicated  on  the 
design  and  performance  data  furnished  by  the  Chicago  District  and  its 
technical  consultants. 


(1)  John  R.  Goldsmith,  "Effects  of  Air  Pollution  on  Humans,"  Vol.  I, 
Chap.  10,  of  Arthur  C.  Stem  (Ed),  Tir  Pollution  (New  York: 
Academic  Press,  1962),  pp  335—83 • 

(2)  Also  see  Louis  D.  Zudberg,  Robert  J.M.  Horton  and  Enamel  landau, 
"The  Nashville  Air  Pollution  Study:  V.  Mortality  from  Diseases  of 
the  Respiratory  System  in  Relation  to  Air  Pollution,"  (mimeo, 
presented  before  the  Epidemiology  Section  of  the  American  Public 
Health  Association,  Kansas  City,  Missouri,  November  12,  1963)  and 
references  cited  there. 

(3)  Goldsmith  o£  eit. , p 368 
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Ecological 


a.  Subsurface  V/ater  Quality  Incorporation  of  the  land  treatment 
system  will  involve  the  Lnterrningling  of  treated  wastewaters  with  exist- 
ing groundwater  in  the  land  treatment  area . In  fact , over  a period  of 
time  (as  yet  not  clearly  defined)  wells  for  potable  supply  used  by  per- 
sons living  within  land  treatment  areas  will  have  the  same  const itutent 
levels  including  the  TDS  (total  dissolved  solids)  concentrations  ex- 
pected iri  the  treated  wastewater.  As  in  the  stormwater  impoundment 
section,  the  evaluators  recognize  that  the  subsurface  water  quality  will 
be  negatively  affected  over  time.  However,  the  significance  of  this 

is  not  judged  to  substantially  impair  the  ultimate  use  of  this  water  for 
domestic  needs. 

Hie  aeration-digestion  and  storage  lagoons  are  not  expected  to  affect 
groundwater  quality,  since  adequate  sealing  and/or  underdrainage  are  to 
be  provided. 

b.  Air  Quality  If  the  design  of  irrigation  equipment  will  maxi- 
mize droplet  size,  and  therefore  minimize  aerosol  transport,  there 
should  not  be  any  air  quality  problem  in  adjoining  areas. 

Adequate  buffer  vegetative  zones  around  aeration-digestion  lagoons 
should  assure  minimal  transport  of  aerosols.  These  lagoons  should  be 
located  inside  an  irrigated  land  perimeter  to  add  an  extra  safety  factor. 

c.  Soil  Quality  If  the  land  systems  perform  as  reported,  soil 
'onditions  are  likely  to  improve  in  that  the  organic  content  and  nutrient 
values  would  be  increased.  This  improvement,  however,  should  be  evalu- 
ated in  reference  to  time  and  as  included  in  design,  an  effective  moni- 
toring program  maintained.  It  is  very  difficult  to  predict  the  effect 

of  continuous  land  treatment  on  the  mechanical  properties  of  the  soil. 

Tne  land  system  does  conserve  nutrient  resources  through  the  recycling 
of  wastewater  nutrients.  On  the  other  hand,  when  the  effluent  of  the 
land  treatment  systems  (Fig.  -4,  "The  Use  of  Land  as  a Method  of  Treat- 
in;-  Wastewater  - Its  Meaning  to  the  Agricultural  Community",  Dec.,  1970 
is  icsnpared  t(  the  water  applied  (Fig.  2,  ibid.)  it  is  seen  that  there 
is  considerable  reduction  in  Cu,  Zn,  Fe,  Mn,  Bo,  oils,  grease,  phenols, 
trace  metals,  arsenic  and  cyanide.  Moreover,  regular  application  of 
pesticides  and  herbicides  is  called  for.  Some  of  the  organic  substances 
are  biodegradable,  ;ind  hopefully,  all  the  pesticides  and  herbicides  will 
b-  , but  essentially  all  the  other  materials  accumulate,  and  this  can  be 
j idged  as  nothing  other  than  a negative  effect  on  soil  quality.  There 
is  a question,  however,  as  to  how  negative  this  effect  is  vis  a vis 
dumping  these  pollutants  into  natural  bodies  of  water.  The  research 
program  currently  being  conducted  by  the  University  of  Illinois  indi- 
cates both  the  feasibility  and  effectiveness  of  maintaining  soil  quality 
ti rough  sludge  ar rlication. 


d.  Terrestrial  Biotic  Communities  Intrusion  of  a spray  irriga- 
tion system  onto  agricultural  land  is  not  necessarily  considered  detri- 
mental to  existing  biotic  corrmunities.  However,  the  underdrainage  sys- 
tem will  cause  a ground  water  drawdown  within  and  immediately  adjacent 
to  land  treatment  areas.  A 'water  drawdown  of  even  six  to  eight  inches 
may  alter  the  vegetation  in  the  immediately  adjacent  land  areas.  For 
example,  if  oak  trees  border  a field  slated  for  irrigation,  they  could 
die  — unless  the  drawdown  was  controlled  and  the  lowering  of  the  water 
table  phased  to  prevent  a shock  to  the  vegetative  environment. 

Construction  of  the  land  treatment  lagoons  will  undoubtedly  involve 
some  lands  not  presently  in  agricultural  use.  This  implies  some  disrup- 
tion to  "natural"  biotic  corrmunities. 

e.  Aquatic  Biotic  Communities  Construction  of  storage  lagoons, 
in  particular,  will  introduce  aquatic  communities  into  the  rural  areas. 

The  lagoons  will,  undoubtedly,  encourage  waterfowl  to  visit  the  areas. 

The  availability  of  vegetative  cover  as  well  as  nearby  food  crops  will 
also  encourage  waterfowl.  The  significance  of  these  lagoons  to  migra- 
tion and  nesting  patterns  of  waterfowl  cannot  be  determined  at  this  time. 
No  such  effect  would  be  expected  with  the  AB  and  PC  technologies. 

f.  Mineral  Resources  Land  treatment  is  considered  beneficial 
relative  to  the  AB  and  PC  technologies,  since  it  conserves  minerals 
through  recycling  of  nutrients. 

Social 

a.  Immigration  Alternative  IV  requires  significantly  fewer 
relocations  than  Alternatives  III  and  V and  is  roughly  equivalent  to 
Alternative  II  in  number  of  people  displaced  (Refer  to  Table  E-V-5). 

b.  Employment  Employment  skills  associated  with  land  treatment 
are  considerable  and  varied,  ranging  from  sanitary  engineering  to  farm 
operation  and  management.  Some  additional  assessment  needs  to  be  made 
regarding  opportunities  directed  at  small  farmers,  and  chronically  un- 
employed inner  city  minorities.  Physical  synergistic  thought  has  been 
demonstrated  to  be  quite  keen  and  welcome;  we  need  more  social  synergisms 
particularly  when  attempting  to  explain  the  land  treatment  (or  AB  and 

PC  for  that  matter)  to  the  general  citizenry. 

c.  Recreation  Opportunities  There  is  also  a feeling  on  the  part 
of  many  evaluators  that  land  treatment  areas  that  are  in  public  ownership 
provide  recreational  opportunities  of  a type  (hunting)  different  from 
urban  focused  recreation,  if  properly  managed.  If  public  access  is 
provided,  a hunting-management  area  would  be  recreational ly  attractive. 

The  lands  could  also  be  adapted  to  wildlife  management  areas. 

d.  Cormunlty  Political  and  Fociologioa]  ft.ructure  hvieusly, 

the  political  and  social  impacts  associated  with  controlling  large  parcels 
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land  (f  r a Land  system)  are  enormous.  Provisions  of  corridors  read 
the  avoidance  of  certain  areas  are  the  major  considerations  illustrated 
In  th<  red  sign  th<  Land  system.  Th<  : ial -environmental  evaluatioi 

■ an  lid  i t spend  i great  leal  of  time  b it  a: ] in  r th<  expi icted  insti- 

■ iti  r il  tnj  lets.  . ■ In;  ts  vri  ■ Iscus  - ■ ’ the  Instit  itional 
Evaluatioi  eport  produced  by  anothei  :ontractor  f th<  'hicag  Lstrict. 

Pol it leal  and  social  reaction  to  the  land  treatment  system  li&s 
been  Larg<  Ly  negative,  as  evidenced  1;:  numerous  C-SELM  public  meeting's. 

e.  Present  and  Potential  land  Use  Conmercial  and  industrial  lanu 
use  within  urban  areas  is  likely  to  be  enhanced  (by  incorporation  of  lar. : 
treatment  systems)  with  the  removal  of  waste  treatment  facilities  in  these 
areas  and  the  subsequent  use  of  the  abandoned  land  for  commercial  or 
industrial  activities.  All  other  possible  uses  should  be  considered 
before  designating  the  land  to  industrial  uses  (e.g.,  urban  park  areas). 
However,  land  treatment  requires  more  land  than  treatment  plants. 

Alternative  IV  and  in  part.  Alternative  V may  have  negative  impacts 
on  other  than  agricultural  land  uses  in  the  rural  areas  such  as  the 
Newton-Jasper  County  area  where  the  development  of  1-65  has  opened  a 
new  path  to  urbanization.  Prediction  of  a growth  vector  to  the  sout;. 
in  the  Calumet  Region  was  made  as  early  as  I 966 . Thus,  the  extensive 
nature  of  land  treatment  suggested  in  Alternative  IV  reverses  an  estab- 
lished trend  away  from  agricultural  land  use  if  it  is  to  be  applied 
to  so  large  an  area.  Obviously,  the  1-65  right-of-way  is  desirable  for 
conveyance  systems,  however,  treatment  and/or  storage  along  this  artery, 
especially  near  exits,  could  result  in  major  dislocations  unless  pro; - 
erly  planned.  The  negative  values  registered  in  the  A-I-latrix  reflect 
these  comments,  and  the  fact  that  presently  much  of  the  lanu  is  regarded 
as  open  space  and  less  significantly  as  a recreational  area. 

Aesthetic 

Sensory  quality  impacts  (visual  and  auditory)  are  shifted  in  trans- 
ferring from  treatment  plant  to  land  treatment;  that  is,  the  root  cause 
of  sensory  quality  impact  in  urban  areas  (the  treatment  plants)  -ire 
removed  from  the  'urban  area  with  the  consequence  that  its  impact  may 
lessened  in  rural  areas  due  to  the  fact  that  fewer1  persons  are  affect ci. 
Obviously  this  does  not  comfort  the  affected  rural  resident.  Tb  rural 
resident  would  have  to  be  satisfied  that  the  impact  impetus  w<  uld  !-• 
acceptable.  Referring  back  to  Ihble  E-V-2,  it  is  obvious  that  air 
emissi  :■  from  th<  Land  treatment  process  will  be  minimal.  However, 
introducing  lagoons  and  irrigation  equipment  will  be  an  obvious  and 
:■  ssJfciy  negative  impact  impetus. 
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a.  Health  The  evaluation  team  has  been  assured  by  the  engin- 
eering design  consultant  that  all  three  treatment  technologies  will 
produce  an  effluent  (to  be  evaluated  later)  of  extremely  high  quality 
and  suitable  for  various  forms  of  reuse. 

However,  the  evaluators  wish  to  express  concern  over  the  land  treat- 
ment system  because  of  its  lagoon  - secondary  treatment  design  components. 
These  lagoons  must  be  effectively  buffered  by  vegetation,  sealed  to 
prevent  seepage,  and  restricted  from  public  access.  These  functional 
health  components  must  be  incorporated;  we  feel  that  these  considera- 
tions can  and  will  be  guaranteed. 

Another  concern  is  that  of  mosquito  control.  The  lagoon  areas 
with  their  buffer  zones  provide  excellent  breeding  areas  for  mosquitos. 
Controls  should  be  established  to  minimize  mosquito  populations. 

Economic 

Although  land  treatment  prevents  large  scale  industrial  develop- 
ment, it  is  presumed  to  contribute  to  increased  farm  production  and 
income,  long-range  residential  development  and  vertical  growth  in  agro- 
business. Increased  farm  income  is  anticipated  through  increases  in 
farm  production  resulting  from  the  timed  application  of  irrigation  water, 
drainage  control  and  a lowered  demand  for  commercial  fertilizers.  Addi- 
tional farm  machinery  will  be  necessary  for  land  preparation  and  harvest- 
ing, added  storage  and  drying  facilities  could  be  anticipated,  and  per- 
. haps  additional  feed-lot  operations  would  develop  to  take  advantage  of 

the  proximity  to  wastewater  control  facilities  and  forage  material  (rye). 
The  use  of  effluent  nutrients  will  reduce  the  costs  to  the  farmer  with  a 
concommitant  reduction  in  regional  income  borne  by  fertilizer  distribu- 
tors and  manufacturers. 

Long  range  residential  development  is  expected  to  be  enhanced 
through  the  availability  of  access  to  sewage  treatment  facilities  and 
through  the  implementation  of  land  use  controls  and  planning  at  the  local 
level.  Increased  demand  for  housing  and  retail  conmodities  will  result 
from  the  increases  in  job  opportunities  created  by  the  expected  increases 
in  agricultural  production  and  the  wastewater  treatment  operations. 

a.  Public  Finance  The  local  tax  base  should  not  be  adversely 

affected  due  to  payments  to  local  governments  in  lieu  of  taxes  for  those 
lands  taken  into  public  ownership.  If  anything,  the  local  tax  base 
should  be  increased  as  a result  of  the  attraction  of  new  businesses  and 

homeowners . 


NUMBER  OP  AWT  SITES,  NUMBER  AND  LOCATION  OF  SITES 

This  section  displays  coments  regarding  the  impacts  of  treatment 
processes  and  facilities  as  a function  of  treatment  sites,  both  AWT  and 
land. 

i--A- logical 

a.  Air  Quality  One  general  observation  of  the  PC  process  vis  a 
vis  the  number  of  plants  is  that  concentration  of  air  and  sensory  quality 
degradation  (through  fewer  PC  plants)  will  have  a more  negative  impact  in 
localized  areas.  It  is  also  important  to  recognize  that  PC  plant  loca- 
tions in  urban  areas  are  in  those  same  areas  which  already  have  severe 
air  quality  problems  (e.g.,  SW  Chicago,  Calumet  Harbor  region,  Gary, 
Hammond);  thus  the  air  quality  problems  associated  with  the  PC  processes 
would  add  to  presently  bad  air-sensory  quality  conditions.  In  the  case 
of  AB  plants  this  impact  change  vis  a vis  number  of  plants  is  not  en- 
visioned to  be  as  great. 

Social 


a.  Immigration  Relocation  is  a significant  factor  with  any  of 
the  C-SELM  alternatives.  While  estimates  range  upwards  from  15,000  to 
40,000  (See  Table  E-V-5)  a useful  perspective  may  be  shown  in  terns  of 
Chicago’s  Crosstown  Expressway  which  will  relocate  only  10,000  persons 
with  a devestating  amount  of  public  outcry.  A factor  which  must  be 
considered  is  that  equivalent,  decent,  safe  and  sanitary  housing  must 
be  available  at  suitable  locations  for  the  relocated  whether  they  be 
urban  or  rural  people.  We  have  been  assured  that  planning  by  the  Corps 
demonstrates  realistic  grappling  with  the  relocation  problem.  The  Corps 
has  regulations  governing  relocation  procedures.  Some  investigation 
of  Papers  and  Proceed ings : Commission  on  Third  London  Airport,  HMSO, 

1970  Vol.  VII  and  related  materials  would  shed  additional  light  on  some 
of  the  relocation  problems  and  costs. 

OTHER  COMMENTS 

Treatment  Plant  Technologies  (Alternatives  I,  II,  III  and  V 

In  terms  of  reliability,  the  larger  plants  are  professed  to  achieve 
a higher  degree  of  performance  reliability,  but  when  a large  plant  runs 
into  a period  of  poor  performance,  the  effects  upon  water  quality  are 
much  more  drastic.  These  factors,  however,  were  not  considered  in  the 
formal  evaluation  because  it  was  assumed  by  the  group  under  Corps  in- 
struction that  there  would  be  a constant  level  of  performance.  Evalu- 
ations could  change  if  consideration  of  reliability  of  processes  and 
equipment  were,  in  fact.,  a part  of  the  evaluation. 


Land  Ir-au.ient  v 


Since  the  land  treatment  process  has  not,  as  yet,  been  demonstrated 
to  be  effective  at  the  loadings  contemplated,  and  in  an  area  with  climate 
and  soil  conditions  similar  to  that  of  the  C-SELM  Region,  extensive 
pilot  studies  are  suggested  for  the  land  and  the  other  technologies 
under  the  same  conditions  of  the  Region  before  any  such  project  is  under- 
taken. Some  evaluators  feel  that  it  is  difficult,  within  the  time 
allowed  after  briefings,  to  review  all  the  information  presented  on  land 
treatment  and  make  an  objective  judganent. 

Many  questions  remain  presently  unresolved  as  to  the  efficacy  of 
all  three  treatment  processes  but  particularly  the  land  treatment  pro- 
cess. However,  the  impending  crisis  in  energy,  water  supply  needs, 
natural  resource  availability  and  agricultural  production  point  to  the 
fact  that  future  conditions  may  indicate  that  land  treatment  is  the  most 
desirable  of  alternatives.  However,  given  the  near  future  conditions, 
the  lack  of  available  knowledge,  and  the  obvious  institutional  constraints 
involving  the  land  treatment  process,  the  evaluators  favored  Alternative 
V as  a means  by  which  to  obtain  this  information  without  an  over  com- 
mittment to  a process  that  may  not  be  as  beneficial  as  portrayed  by  the 
engineering  consultant. 


SLUDGE  MANAGEMENT 

In  this  category  several  combinations  of  sludge  types  (conventional 
biological,  advanced  biological,  land,  and  physical  chemical)  and  appli- 
cation methods  (agricultural  and  land  reclamation)  are  evaluated. 

BIOLOGICAL  TREATTENT/ AGRICULTURAL  UTILIZATION 

All  the  combinations  evaluated  here  involve  the  use  of  biologically 
produced  sludge  (whether  by  conventional  biological,  advanced  biological, 
or  land  treatment  process)  on  agricultural  lands.  There  is  very  little 
difference  between  them  in  our  overall  ratings.  In  particular,  the 
agricultural  utilization  of  sludge  associated  with  the  NDCP  alternatives 
are  judged  to  have  very  little,  difference  in  overall  impact  when  compared 
to  the  management  practices  currently  in  use  and  assumed  for  the  ref- 
erence system  (I)- 

Underlying  these  essentially  equivalent  ratings  are  the  following 
arguments.  NDCP  biological  sludges  are  generally  considered  to  more 
greatly  improve  soil  quality  than  current  practices  and  in  this  respect 
to  have  a positive  effect  on  agricultural  land  use.  This  improvement 
however,  consumes  more  energy  (for  sludge  conveyance)  than  current 
practices,  and  will  possibly  result  in  disruptions  of  access,  biotic 
conmunities,  and  unique  or  rare  things.  On  the  whole,  therefore,  the 
anticipated  benefits  are  balanced  by  anticipated  negative  impacts.  The 
following  discussion  will  make  this  clearer. 
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Ecological 


a.  Soil  'Quality  Soil  quality  must  be  considered  within  the  time 
parameter.  In  the  near  term  soil  quality  can  be  expected  to  improve. 

But  in  the  long  term  there  may  be  changes  in  the  soil's  mechanical 
properties  and  suitability  for  agriculture.  Studies  are  lacking  re- 
garding these  long-term  effects. 

Land  reclamation  and  agricultural  disposal  of  biological  sludges 
from  wastewater  treatment  has  already  been  adopted  by  the  Metropolitan 
Sanitary  District  of  Greater  Clricago  and  the  North  Shore  Sanitary  Dis- 
trict in  Lake  County,  Illinois.  'lire  Gary  Sanitary  District  already  has 
two  borrow  pits  (from  construction  of  the  Indiana  Toll  Road)  for  sludge 
disposal  and  these  pits  will  be  useful  until  1990.  Since  approximately 
one  half  of  the  sludge  from  wastewater  treatment  in  the  C-SEIM  area  is 
already  being  utilized  or  disposed  on  land  sites,  and  since  total  agri- 
cultural utilization  of  sludges  and  the  benefits  thereof  is  accomplished 
by  increased  consumption  of  energy  for  sludge  conveyance  the  evaluators 
rated  this  option  overall  as  only  a slight  improvement  over  current 
practice. 

b.  Mineral  Resources  Use  of  biological  sludges  as  fertilizer  is 
regarded  as  a positive  impact  because  of  the  mineral  recycliig  involved. 

Economic 

(Note:  Additional  impacts  will  be  discussed  later  under  section 

dealing  with  potential  impacts  of  all  sludge  management  practices.) 

a.  Employment  Since  fertilizer  would  be  provided  from  the  C-SELM 
System,  agro-business  would  undergo  sane  minor  changes  in  the  affected 
area.  This  impact  is  not  regarded  significant  in  terms  of  the  number 
of  jobs  lost. 

b.  Consumption  of  Goods  and  Services  Farm  machinery  interests  in 
the  rural  areas  would  benefit  from  increased  sales  of  new  equipment  used 
for  applying  sludge  fertilizer. 

PHYSICAL  - CHEMICAL  SLUDGE/.  AGRICULTURAL  APPLICATION 

The  most  poorly  rated  combination  is  the  agricultural  application 
of  PC  sludges  required  by  Alternative  IT.  There  are  several  reasons  f i 
this  negative  rating. 

Ecological 

a.  Soil  Quality  PC  sludge  is  suitable  as  a soil  conditioner  :ind 
effective  in  regulating  pH.  It  is,  however,  leficient  in  those  sub- 
stances which  .are  typically  added  in  fertilizers,  such  as  phosphates 
and  nitrates,  which  are  provided  in  other  types  of  .-.Judges. . 
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Social 


a.  Corrmunlty  Sociological  Structure  Despite  the  argument  that 
the  greater  portion  of  agricultural  land  necessary  for  PC  sludge  will  be 
utilized  but  not  purchased,  negative  responses  from  fanners  are  likely. 
This  inpact  can  be  significant,  considering  the  total  land  requirement 
(640,800  acres) . 

b.  Present  and  Potential  Land  Use  Because  of  its  chemical  attri- 
butes considerably  more  land  is  required  for  PC  sludge  application 
(nearly  641, 800  acres  in  1990)  than  for  other  combinations  (less  than 
57,000  for  I,  about  59,000  for  III,  just  about  58,400  for  V and  almost 
57,000  for  IV).  Most  of  the  land  used  Is  agricultural . 

The  reservation  of  this  land  for  agriculture  restricts  its  potential 
use  for  residential  purposes  thus  potential  residential  land  use  Is 
judged  to  be  negatively  affected. 

The  effect  on  other  land  uses  is  debatable.  The  use  of  vast  quan- 
tities of  agricultural  land  for  sludge  disposal  reduces,  as  indicated 
above,  the  amount  of  land  available  for  all  other  functions,  a negative 
impact.  On  the  other  hand,  this  practice  ensures  that  vast  quantities 
of  farm  land  will  be  retained  in  agricultural  production  in  the  0-SET M 
area  in  the  future.  This  can  produce  positive  impacts  by  providing  open 
space  and  moderately  positive  impacts  on  agricultural  land  use  by  making 
more  land  farmable . 

Economic 

a.  Energy  Resources  Due  to  the  size  of  the  distribution  sy stem 
for  utilization  of  PC  sludge,  this  sludge  management  scheme  will  require 
the  expenditure  of  more  energy.  Therefore,  the  PC  system  is  rated  nega- 
tively on  energy  consumption  relative  to  the  utilization  of  biologically 
produced  sludge. 

BIOLOGICAL  SLUDGE/LAND  RECLAMATION 

The  most  highly  rated  combination  Is  the  use  of  biologically  pro- 
duced sludge  (whether  by  the  AB  or  land  treatment  process)  for  land 
reclamation. 

Ecological 

a.  Soil  Quality  There  is  potential  for  controlling  acidity  in 
strip  mined  areas.  Soil  quality  in  the  application  area  is  improved, 
possibly  to  the  extent  that  it  may  be  suitable  for  some  types  of  agri- 
culture. It  may  be  argued,  however,  that  sludge  application  to  land 
already  used  for  agricultural  use  would  result  in  distributing  benefits 
throughout  the  C-SELM  Region.  This  is  true  primarily  because  of  the 
wider  use  of  sludge  in  agricultural  utilization. 
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b.  M3  .■  pal  Ken  tiroes  If  tide  method  can  be  proven,  the  accept- 
ability of  surface  mining  for  coal  .and  other  mineral  resources  is  in- 
treased,  and  their  availability  is  thus  enhanced. 

.-'ocia.1 

a.  iv tcreatienai  'pportunities  Strip  mir.ed  areas  when  reclaimed 
■ become  useful  sites  for  recreational  purposes.  For  example,  Shak- 

amac  State  Park  and  Green-Gullivan  State  Forest  In  south  west  Indiana 
were  once  strij  mini  J ireas.  P lay,  they  pr  vid<  f r a wit  ratgv  f 
recreational  mil  le:  . ' :1  ding:  hiking,  horse-back  riding,  pic- 

ni  :ing,  . it  lg,  s winning,  :anq  ing  and  fishing.  Jiven  the  increasing 
; 'in  Lab  ten  ; rejected  for  the  C-SELM  region  in  1990  and  the  anticipated 
ir.cr  -ase  in  leisure  time,  there  is  also  anticipated  a need  for  increased 
recreational  opportunities  near  the  metropolitan  areas.  Strip  mined 
areas  that  are  currently  unproductive  could  well  utilize  the  soil 
l uilding  qualities  of  the  biologically  produced  sludges  for  reclama- 
tion  purposes. 

b.  Present  and  Potential  Land  Use  The  above  benefits  are  judged 
in  turn  to  favor  the  use  of  land  after  reclamation  for  residential  pur- 
poses, presumably  in  the  improved  areas  and  those  nearby. 

With  land  reclamation,  once  tne  character  of  the  soil  has  been 
again  made  productive,  vegetative  cover,  sirubbery  and  trees  intro- 
duced, the  land  becomes  available  for  a variety  of  potential  uses. 
Recreation  and  ore;,  space  opportunities  liave  already  been  mentioned. 

Fuck  areas  should  be  incorporated  into  local  land  use  plans  to  enhance 
such  opportunit ies  and  should  lead  to  an  orderly  development  for  resi- 
dent ial  uses  as  well . 

Aesthetic 

Damage  fr  :n  strip  mining  includes  the  unsightly  disruption  of  the 
Lai  : : irfac  t tin  *aw  spoil  banks  and  overburden.  Oft  times,  as 
water  see;  ■ through  these  materials,  it  becomes  acid  destroying  the 
ra  and  faun;  for  sow  iistanci  1 wi . stri  tam.  ft*  ic id  soil  tondi- 
t tons,  prevent  the  establishment  of  adequate  vegetative  cover  to  retain 
' 1 ■ soil,  this  In  ! im  :r<  ites  erosi  i and  sed lmentat ion  problems  in 
the  :ire;>  which  in.*r-  •uses  the  likelihood  of  floods , destroys  property 
es,  and  in  general  produces  a very  blighted  landscape  similar  t< 
that  ■ the  risen.  land  reclamation  through  improvement  of  soil  quality, 
i taping,  u : : ■ Institution  fa  v<  ; ttal  I v<  • ■ >v<  r produces  a 

■ ....  ■■  icc  ptablj  ; easing  a<  tsthi  ttic  envirt  >m«  ■■  it  . 
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Economic 


a.  Energy  Resources  A negative  impact  of  this  combination  is 
the  consun.pt ion  of  considerably  more  energy  to  transport  the  sludge 
the  greater  distances  inherent  in  this  option  than  required  by  the  other’ 
sludge  management  options  (other  than  the  PC  sludge  utilization  dis- 
cussed earlier) . 

This  negative  impact  is  heavily  outweighed  by  tire  number  of  bene- 
fits which  should  accrue  because  of  land  reclamation. 

IMPACTS  ASCRIBED  TO  ALL  FORMS  OF  SLUDGE  MANAGEMENT 

Ecological 

a.  Surface  and  Subsurface  Water  Quality  Biologically  produced 
sludges  contain  considerable  amounts  of  organic  material,  metal  ions, 
phosphates,  nitrates  and  lime.  Overland  runoff  and  subsurface  seepage 
emanating  from  the  sludge  areas  could  introduce  significant  amounts 

of  these  "pollutants"  into  the  area  drainage  and  groundwater  if  un- 
controlled. Good  management  practices  can  eliminate  this  possibility. 

As  is  discussed  above,  the  use  of  biologically  produced  sludges  for 
land  reclamation  can  result  in  a substantial  improvement  in  strip  mined 
areas.  With  the  control  of  acid  soil  and  water  conditions  and  the  est- 
ablishment of  vegetative  cover  new  terrestrial  and  aquatic  biotic  com- 
munities will  be  established. 

b.  Mineral  Resources  Biologically  produced  sludges  contain  sub- 
stantial amounts  of  nutrient  materials,  lime,  phosphates,  nitrates  and 
organic  matter.  Such  sludges  when  applied  to  the  soil  act  as  fertili- 
zers and  soil  conditioners  lessening  the  demand  for  commercially  manu- 
factured and  distributed  fertilizers.  This  in  turn  results  in  a con- 
servation of  mineral  resources. 

Soc ial 


a.  Present  and  Potential  Land  Use  Use  of  certain  sites,  such  as 
the  Porter  County  site  in  Indiana,  for  sludge  disposal  when  they  are 
particularly  suitable  for  residential  use  is  ill-advised.  Many  such 
areas  can  more  readily  absorb  development  without  depreciation  of  en- 
vironmental quality  than  others;  these  should  not  be  utilized  for  sludge 
disposal. 

Aesthetic 


a.  'Jdors  There  may  be  undesirable  odors  and  unsightliness 
assoc iated  with  these  practices  over  which  management  and  design  controls 
may  be  needed.  If  the  sludges  are  adequately  treated  and  stabilized 
there  should  be  no  problem. 
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.■lodges,  may  contain  significant  concentrations  of  toxic  chemicals, 
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laments  in  ’ liis  :ategcry  are  related  t reuse-  flew.-;  provided  for 
. •(  ati  il,  navigation;  md  potabli  needs,  [hey  reflect  : impacts 

arising  from  the  two  major  reuse  options,  i.e.,  limited  or  unlimited 
use  of  Lake  Michigan  water  for  potable  needs,  and  (2)  impacts  attri- 
butable to  the  differences  between  alternatives  in  the  transportation  of 
reuse  waters  to  need  centers. 

OPTION  I - REUSE  OF  TREATED  EFFLUENT  WATERS 


Major  positive  impacts  would  accrue  in  the  '-CELl-i  reg;  n as  a 
result  of  the  implementation  of  the  reuse  of  treated  t ffluers  waters. 


Ecological 

a.  Surface  Water  Quality  and  Quantity  .-.iternativ-.-s  TI  through 
V were  viewed  as  having  substantial  positive  impacts  in  reducing  fl  i- 
ing  and  in  improving  surface  water  quality. 

A significant  part  of  the  increased  water  quality  and  temporal  arsd 
spatial  redistribution  of  runoff  flows,  however,  arises  from  the  col lee* - 
! n,  storage  and  treatment  of  rural  and  suburban  stormwaters.  Benefits 
considered  in  this  category  (Reuse  of  Treated  Effluent  Waters)  art  due 
primarily  because  the  flows  are  adequately  listributed  to  streams  and 
the  water  quality  is  equal  to  NDCP  standards . 


b.  Terrestrial  Biotic  immunities  Biotic  communities,  alone 
with  unique  and  rare  things  may  be  negatively  affected  as  increased 
regionalization  of  treatment  facilities  ana  processes  reduces  the  number' 
of  plant  sites  and,  conversely,  increases  the  amount  of  pipeline  con- 
struction necessary  to  transport  reuse  waters  to  the  b adwaters  areas 
of  need  centers.  The  negative  aspect  of  these  iisrupt 1 ns  woul  1 be 
outweighed  by  the  positive  effect  on  aquatic  biotic  communities  and 
unique  and  rare  things  expected  if  NDCP  reuse  water  rather  than  Bog- 
ie Plan  n use  water  was  returned  to  the  streams.  There  L:  however, 
a strong  :.»isens.us  .among  evaluators  nro furring  .ill-  natives.  s : 
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would  accrue  benefits  to  more  people  and  ecc-systems  over  wider  areas 
than  the  pipeline  option  of  Alternative  II  through  V because  of  dis- 
ruptions caused  by  pipeline  construction. 

c . Aquatic  Biotic  Communities  Improvements  in  water  quality 
will  be  reflected  in  aquatic  organisms.  Removal  of  organic  loadings, 
turbidity,  toxicants,  and  the  improvement  of  the  dissolved  oxygen  con- 
centration of  the  water  will  result  in  clean  water  organisms  reinstat- 
ing themselves.  Anticipated  improvements  in  stream  conditions  would 
encourage  repopulation  of  clean  water  benthic  corrmunities  (e.g. , midge 
larvae,  snails,  clams,  mayfly  nymphs,  leeches,  etc.).  These  in  turn 
would  provide  a food  base  to  reestablish  higher  quality  fish  species 
(e.g.,  largemouth  bass,  crappies,  bluegills,  etc.). 

d.  Terrestrial  Biotic  Communities  No  major  improvement  of  the 
terrestrial  ecosystem  is  expected  other  than  that  resulting  from  storm- 
water management. 

Social 


a.  Immigration  Improvements  in  water  quality  and  quantity  in 

the  C-SELM  area  could  result  in  encouraging  more  irrmigration  into  C-SELM. 

b.  Present  and  Potential  Land  Use  Residential  activity  will  be 
beneficially  impacted  by  providing  a cleaner  and  more  attractive  environ- 
ment in  C-SELM,  particularly  near  streams. 

c.  Recreational  Opportunities  Recreational  opportunities  are 
expected  to  be  enhanced  in  that  swimming  conditions  and  sport  fishing 
opportunities  should  improve.  The  recreational  value  along  the  streams 
(hiking,  picnicing,  etc.)  should  likewise  appreciate. 

Aesthetic 


Changes  in  water  quality  will  be  characterized  by  clearer,  com- 
paratively odorless  and  cleaner  streams.  Aesthetic  appreciation  should 
be  obtained  from  the  repopulation  of  clean  water  organisms  such  as  sport 
fishes,  aquatic  plants,  etc. 

Hygienic 

The  reduction  of  bacteria,  viruses,  toxicants  and  other  pathogens 
will  lave  a limited  although  positive  hygienic  .impact.  The  main  reduc- 
tion in  pathogen  count  is  due  primarily  to  the  treatment  of  both  separ- 
ate and  combined  stormwater,  and  adequately  sized  facilities  to  treat  all 
dry  weather  flows.  The  reuse  of  treated  effluent  for  potable  supply  is 
not  assumed  to  have  any  negative  hygienic  effect  since  this  water  would 
be  treated  to  USPHS  standards.  There  would  probably  be  a negative  psy- 
cological  reaction  to  the  use  of  wastewater  for  potable  supply  at  least 
initially. 
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There  are  serious  water  supply  problems  in  the  111::.,  is  portion  of 
thi  I-SEM  region  lue  not  to  a scarcity  of  water,  but  t ind  in- 

si  it  itional  difficulties.  The  pressure  to  solve  these  problems  is  ta- 
mers- and  they  •.■.’ill  probably  be  solved  whether  or  not  any  of  the  C-SELM 
study  alternatives  become  proposals  and  are  adopted  or  not. 

Due  to  limitations  in  time  and  budget  constraints,  as  well  as  the 
intent  of  this  social-environmental  analysis,  the  institutional  (legal) 
aspects  of  Lake  Michigan  diversion  were  not  considered. 

Indeed  no  clear-cut  consensus  of  opinion  exists  among  evaluators' 
comments  concerning  increased  use  of  Lake  Michigan  waters  for  potable 
needs.  Unfortunately,  we  could  not  adequately  address  the  following 
questions:  What  effect  would  the  removal  beyond  the  3200  CFS  limit 

:ave  on  lake  levels?  Would  such  a restriction's  removal,  as  the  result 
of  C-SELM  set  a precedent  throughout  the  Great  Lakes  basins  resulting 
in  drastically  Increased  removal  of  large  quantities  of  lake  waters 
for  potable  and  other  needs?  Why  not  use  the  reuse  waters  from  waste- 
water  treatment  systems  for  potable  needs  either  as  part  of  groundwater 
r large  or  as  a surface  supply? 

We  io  offer  the  following  opinions:  The  use  of  additional  Lake 

Michigan  water  would  require  a significantly  greater  use  of  energy  for 
pumping  plus  increased  pipeline  construction  in  addition  to  that  al- 
ready involved  in  transporting  reuse  water  to  need  centers  for  naviga- 
tional and  recreational  uses.  As  stated  earlier,  this  pipeline  con- 
struction would  have  a negative  Impact  on  biotic  communities,  unique  and 
rare  species,  and  materials  and  energy  resources. 

Conversely,  the  unrestricted  potable  use  of  Lake  Michigan  water  is 
an  excellent  way  to  meet  the  demands  for  clean  water  as  long  as  waste- 
wat< r f • ■;  juallty  is  returned  to  maintain  Lake  Michigan's  water 
level.  It  Is  a better  systematic  procedure  in  that  less  treatment 
■homicals  such  as  coagulants  and  chlorine  are  required  to  process  the 
wat< r t an  w ild  be  the  case  in  utilizing  reuse  water.  Th<  evaluators 
r cognize  that  should  the  treated  wastewater  be  returned  to  Lake  Michi- 
gan TDS  (Total  Dissolved  Solids)  would  increase.  The  evaluators  per- 
ceived no  significant  negative  impacts  over  the  near  term.  Long  term 
effects  on  aquatic  biota  were  unclear  at  the  concentrations  projected. 


POWER  SYNERGISM 

The  analysis  of  the  potential  power  synergism  did  not  follow  the 
pattern  established  in  the  analysis  cf  other  functional  system  compon- 
ents. The  evaluation  team  approached  the  power  synergism  as  oiily  a 
potential  add-on  feature  to  a land  treatment  system.  The  power  syn- 
ergism was  not  considered  as  a definite  design  feature  of  land  treat- 
ment systems.  The  following  discussion,  therefore,  does  not  detail  a 
complete  impact  analysis  of  the  effects  of  placing  a power  plant  in  a 
land  treatment  area. 

1.  Power  plant  siting  is  a definite  problem  in  the  C-SELM  region. 
One  evaluator  who  has  done  considerable  consulting  for  the  power  com- 
panies in  the  area  offers  the  following  opinions.  There  are  two  power 
plant  sites  on  Lake  Michigan  in  Illinois  and  these  are  probably  the  only 
ones  which  will  ever  be  used.  There  are  at  present  four  power  plant 
sites  on  Lake  Michigan  in  Indiana  and  the  possibility  of  two  more,  but 
there  is  great  resistance  to  the  development  of  these  sites  or  to  ex- 
pansion of  power  generating  facilities  at  existing  sites  by  conserva- 
tion and  environmental  groups.  Truly,  the  shoreline  in  the  C-SELM 
region  has  become  a zone  of  land  use  conflict  and  competion. 

2.  With  the  completion  of  the  power  plant (s)  on  the  Kankakee 
River  in  Jasper  County,  Indiana,  it  appears  that  sites  on  streams  with- 
in or  close  to  the  C-SELM  region  are  about  fully  exhausted.  Additional 
electrical  power  supplies  for  the  C-SELM  region  most  likely  are  to  be 
developed  outside  the  region.  The  power  plant  sites  being  developed 
nearby  but  outside  the  C-SELM  region  which  have  cooling  ponds  include 
the  Dresden  Station  (1250A),  LaSalle  County  Station  (4480A)  Powerton, 
and  Braidwood  Station  (4800A).  Thus  very  large  cooling  ponds  at  power 
plant  sites  may  be  developed  independently  of  the  C-SELM  study  waste- 
water  management  alternatives. 

The  use  of  wastewater  storage  ponds  for  cooling  ponds  for  large 
power  plants  could  have  important  benefits  if  they  are  designed  and 
operated  properly.  They  could  also  be  an  environmental  nuisance  if 
they  were  done  improperly. 

Power  generation  in  conjunction  with  the  land  treatment  alterna- 
tives (IV  and  V)  has  moderately  positive  impacts  when  compared  to  the 
siting  of  equivalent  facilities  elsewhere  within  the  C-SELM  region. 

Thus,  although  power  production  itself  has  some  inherently  negative 
environmental  impacts  it  Is  viewed  as  being  less  negative  when  located 
on  dispersed,  inland  sites  rather  than  elsewhere  in  the  C-SELM  region. 
Their  inland  location  seems,  in  this  respect,  preferable  to  the  con- 
tinued expansion  of  electric  generating  capacity  along  the  Lake  Michi- 
gan shoreline  for  example.  These  proposals  for  storage  lagoon  siting 
would  positively  affect  the  surface  water  quality  of  the  area  inasmuch 
as  thermal  effects  would  be  limited  t closed  systems  rather  the.  sites 
on  open  streams  or  in  Lake  Michigan. 
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Since  an  additional  20,000  MW  by  ly.-I  aid  51, 000  by  2020  < f 

electrical  generating  capacity  are  require!,  the  \ wei  plant  syn< rgism 
of  Alternatives  IV  and  V will  result  in  positive  impacts  or.  sensory 
quality  of  the  environment,  surface  water  quality,  recreation  and  open 
space,  biotic  communities,  and  rare  and  unique  things  especially  along 
the  Lake  Michigan  shoreline  which  can  benefit  fra:;  the  lessened  compe- 
tition for  land  between  public  utilities  and  recreation  and  conserva- 
tion interests.  The  total  future  energy  requirements  suggested  above 
may  be  met  by  the  land  treatment  alternatives  through  the  power  syner- 
gisms  using  a lesser  total  generating  capacity  than  that  needed  for 
the  other  alternatives  because  they  can  provide  power  during  peak  load 
periods  via  the  implementation  of  : imped  storage  generation. 

The  concept  of  joint  siting  of  power  producing  facilities  witliln 
the  land  treatment  areas  would  have  a positive  impact  upon  the  tax  bam 
of  the  rural  areas.  Additional  employment  opportunities  would  result 
and  this  in  turn  would  increase  residential  activity. 

However  tempting  from  a traditional  point  of  view  these  power  syn- 
ergisms  may  be,  they  could  encourage  a greater  concentration  of  gener- 
ating facilities  than  is  necessary  for  local  needs  at  the  same  t in- 
putting greater  stresses  on  the  environment . Further  concentration  1 
pollution  emitting  sources  than  is  necessary  in  an  already  heavily  im- 
pacted area  should  be  avoided.  Mot  enough  design  inf  rmal  ion  al  it  h w 
the  wastewater  storage  ponds  would  be  used  for  cooling  power  plants, 
was  provided  for  a full  evaluation  of  the  ecological  and  social  cons-  - 
quences . 


MANAGEMENT  OF  MINED  ROCK 

All  C-SEU'l  study  alternatives  involve  largo  juant  Sties  f r.:n-  : 
rock  and  soil,  much  of  it  originating  in  the  -irbaninol  port  ! -n  « -f  t : • 
region.  Comments  in  this  category  pertain  to  the  possible  is< s f the: 
earth  resources  for  conmercial,  reclamation  an  i recrv-f  ! n ; nq  s-  s. 
T.,ese  management  practices  for  these  materials  are  offer-  • i for  t * • a it  i:  • . 
design  consideration,  should  a C-SELM  alternative,  r parts  then  ", 
be  incorporated. 


COMMERCIAL  OPPORTUI HTTEC 


Tills  particular  aspect  of  the  C-SELM  study  has  received  the  least 
attention  in  terns  of  its  synergistic  possibilities.  Doubt  exists  con- 
cerning the  1990  and  2020  supply  and  demand  situation  for  place-value, 
non-metallic  mineral  resources  in  the  C-SELM  region.  Studies  show 
urbanization  results  in  the  "building  over"  of  an  urban  areas 's  miner- 
al resources.  Chicago  is  no  exception.  It  is  doubtful  that  more  than 
a few  Silurian  reef  structures  remain  with  thin  overburden  to  be  devel- 
oped as  quarries  in  the  C-SELM  region.  The  Indiana  portion  of  C-SELM 
has  no  supplies  of  gravel  and  must  rely  on  crushed  stone  from  quarries 
for  its  source  of  aggregate.  The  Port  of  Indiana  used  rock  transported 
over  200  miles  in  the  construction  of  its  breakwaters. 

With  these  facts  and  examples  in  mind,  it  seems  unwise  not  to  con- 
sider the  dolomite  mined  during  tunneling  and  lagoon  development  as  a 
potential  economic  commodity.  Therefore,  significant  future  resources 
of  crushed  and  dimension  stone  should  be  reserved  for  the  future  growth 
of  the  megalopolis. 

RECLAMATION  OPPORTUNITIES 

Knowledge  of  the  C-SELM  region's  land  use  history  reveals  that 
much  of  the  area  is  a reclaimed  wetland,  the  Calumet  Lacustrine  Plain. 
This  area,  once  the  bottom  of  Lake  Michigan,  was  only  recently  and,  in- 
deed, is  only  now,  being  drained.  It  contains  many  low  marsh  and  bog 
areas.  Over  the  past  100  years  sand  has  been  mined  from  dunes  and  pits 
to  fill  in  low  regions  for  the  urbanization  of  greater  Chicago.  Much 
of  the  Chicago  lakefront  consists  of  fill  from  the  Indiana  shoreline 
dunes . 

This  process  continues  today.  It  is  inconceivable  that  a pro- 
posal to  construct  a mountain  from  mined  rock  can  be  presented  while 
"mountains"  of  sand  dunes  are  being  mined  for  landfill  purposes.  A 
high  priority  for  mined  rock  and  soil  should  be  the  use  for  landfill 
purposes.  The  practice  of  sand-pit  mining  is  extensive  and  results 
in  many  hazardous  water-filled  sand  mines.  Priority  for  reclamation 
uses  of  mined  rock  and  soil  should  involve  the  following  in  the  C-SELM 
region : 

1.  Use  of  fine-grained  sediment  as  cover  material  in  sanitary 
landfills  where  only  coarse  cover  is  now  available. 

2.  Filling  of  sand  mines  which  liave  become  health  and  safety 
hazards. 


3.  As  a fill  material  in  place  of  sand  in  order  to  preserve  the 
remaining  sand  dunes  of  the  region. 
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The  three  reclamation  alternatives  suggested  in  this  study  Crea- 
tion if  a recreational  hill  in  south  Cook  County,  creation  of  a chain 
f islands  in  Lake  Michigan,  and  other  open  space  landscaping)  should 
i , ■ ;onsidered  only  after  the  above- mentioned  needs  have  been  satisfied 
ter  kn  wl  >dge  of  shoreline  processes  in  Lake  Michigan  exists. 

'REATIGNAL  OPPORTUNITIES 

Ouch  development  should  only  be  considered  after  ail  needs  for 
2 nm<  rce  1 1 reclamat  i n hav<  been  sat  isfied.  The  mountain  concent 
presented  by  the  Corps  design  consultant  (for  costing  purposes)  should 
be  considered  in  conjunction  with  an  area -wide  solid  wastes  disposal 
program — a massive  sanitary  landfill  plus  mined  rock  landscape. 

Introduction  of  the  "islands"  proposal  at  this  stage  of  the  study 
hardly  provides  the  evaluators  with  the  Information  necessary  for  any 
cogent  assessments.  While  this  synergism  appears  possible,  the  social 
and  environmental  impacts  go  well  beyond  the  scope  of  this  study. 


V 


ANNEX  A THE  IMPACT  OP  ENVIRONMENTAL  PARAMETERS  ON 
HUMAN  ACTIVITIES  - AN  ANALYSIS  OF  THE  B MATRIX 


The  methodology  permitted  a generalized  evaluation  of  the  impact  of 
changes  in  the  environment  on  human  activities.  This  evaluation  was  based 
on  a potential  increase  or  enhancement  in  each  environmental  condition, 
and  was  assumed  to  be  independent  of  the  specific  wastewater  treatment 
system  element  which  might  affect  the  environment.  The  generalized  impact 
relationships  in  the  B Matrix  could  thus  be  used  to  transmit  the  environ- 
mental impacts  of  any  alternative  wastewater  management  system  to  a wide 
range  of  important  human  activities. 

For  example,  the  evaluators  were  asked  to  estimate  the  probable  im- 
pact of  a hypothetical  enhancement  in  water  quality  on  residential  activity. 
On  balance,  the  evaluators  judged  that  impact  to  be  moderately  positive. 

This  information  provides  a way  for  the  inpacts  of  wastewater  system  ele- 
ments on  water  quality  (from  Matrix  A)  to  be  understood  in  terms  of  the 
impact  on  residential  activity.  If  a system  element  results  in  a large 
positive  improvement  in  water  quality,  the  impact  on  residential  activity 
is  expected  to  be  rather  large.  Since  an  improvement  in  water  quality  in 
general  is  expected  to  have  moderately  positive  consequences  for  residen- 
tial activity,  a large  increase  in  water  quality  (generated  by  a wastewater 
system  element)  is  expected  to  have  a relatively  larger  positive  impact  on 
residential  activity.  Similarly,  any  wastewater  system  element  which  leads 
to  a deteriorat ion  in  water  quality  will  adversely  affect  residential 
activity  in  proportion  to  the  extent  of  the  deterioration  in  water  quality. 

Thus,  the  evaluation  embodied  in  the  B Matrix  provides  a shorthand 
method  of  measuring  the  impacts  of  the  wastewater  system  elements  on  the 
environmental  parameters  in  terms  of  their  impacts  on  human  activities. 

This  general  evaluation,  of  course,  represents  the  pooled  judgments 
of  the  evaluators.  Disagreements  over  direction  and  magnitudes  naturally 
exist,  and  the  major  disagreements  are  noted  below. 

Table  E A-l  displays  the  B Matrix  evaluation  in  symbols . The  primary 
impact  categories  (the  environmental  parameters)  are  each  designated  as 
rows.  The  impacts  of  the  environmental  parameter  on  each  human  activity 
are  described  in  the  appropriate  column.  A large  circle  indicates  that 
the  inpact  was  judged  to  be  large  and  positive.  A small  circle  indicates 
a moderate  positive  inpact.  The  shaded  circles  indicate  negative  impacts. 


WATER  QUALITY  AND  QUANTITY 

An  improvement  in  surface  water  quality  is  judged  to  result  in  a 
large  improvement  in  recreation,  the  aesthetic  quality  of  the  environment, 
and  ecosystem  status.  Moderate  improvements  in  health  and  safety,  food 
production  and  residential  activity  are  also  expected  to  result  from  any 
enhancement  of  surface  water  quality.  Indeed,  improvements  in  surface 
water  quality  were  considered  to  have  only  beneficial  impacts  on  human  activity. 


! 


Some  of  the  positive  impacts  of  improvements  in  surface  ■.■.  it:  i . 

on  human  activities  are  the  secondary  effects  of  the  direc1  impact 
face  water  quality  on  intervening  activities.  For  exampl-.  , *-•>•  ] air- 
improvement  in  water-related  recreational  activity  that  is  a consequent- 
in  the  improvement  in  surface  water  quality  is  assumed  * result  ::  a 
improved  and  attractive  residential  environment.  A moiv  at  tract:.'':  res- 
idential environment  in  turn,  results  in  immigration  to  the  C-SHLM  area.  (1) 

The  improvement  in  surface  water  quantity  (availability),  as  in  the 
case  of  water  quality,  is  viewed  as  having  a strong  positive  inpact  on 
human  recreational  activity.  Improvements  in  surface  water  availability, 
without  a similar  improvement  in  water  quality,  are  viewed  as  not  having 
as  extensive  favorable  impacts  on  aesthetics  and  ecosystem  status  as 
improvements  in  water  quality  alone.  This  difference,  however,  does  no*: 
exist  with  regard  to  improvements  in  residential  activity.  The  uniformly 
moderate  impacts  on  residential  activity  are  probably  the  indirect  effect 
of  surface  water  quality  and  quantity  on  recreational  activity  and  aesthe- 
tic activity. 

Additional  surface  water  does  have  a moderate  positive  effect  on 
industrial  and  food  production.  As  in  the  case  of  improvements  in  surface 
water  quality,  the  greater  availability  of  surface  water  was  viewed  as 
having  only  beneficial  effects  on  human  activities. 

Improvement  in  subsurface  water  quality  is  seen  as  somewhat  beneficial 
to  residential  activity  and  health  and  safety.  Improvement  in  subsurface 
water  quantity  is  expected  to  lead  to  moderate  improvements  in  industrial 
and  food  production  and  residential  activity.  As  in  the  case  of  surface 
water,  enhancement  of  subsurface  water  resources  was  viewed  as  having  only 
beneficial  effects  on  human  activities,  especially  residential  activity.  (1) 


(1)  It  should  be  noted  here,  however,  that  the  B Matrix  describes  the 
probable  result  of  small  changes  in  environmental  characteristics 
on  each  human  activity.  An  extremely  large  environmental  change 
might  reverse  the  effect  on  human  activities.  If,  for  example,  a 
large  improvement  in  recreational  land  use  created  congestion,  then 
the  effect  of  this  congestion  on  residential  activity  might  become 
negative.  In  general.,  this  evaluation  assumed  that  any  changes  ii 
the  environmental  parameters  would  not  drastically  depart  from  * ho 
reference  condition. 

(2)  Here  again  a very  large  .-.hi ft  from  ••xistlng  c ndlti  nr,  could  change 

the  expected  Impact  . _>r  ••xarj  '.•,*■  mu  >f.  residential  act  ivity 

could  itself  create  i negativ  '■;  t irfaci  water,  thr  .igh 

faulty  septic  tanks. 


AIR  AND  SENSORY  QUALITY  ON  THE  ENVIRONMENT 


The  evaluators  judged  that  improvement  in  air  quality  would  have 
larger  positive  impacts  on  human  activities  than  any  of  the  other  envi- 
ronmental parameters . Improvements  in  air  quality  are  expected  to  make 
large  contributions  to  the  enhancement  of  residential  activity,  health 
and  safety,  and  aesthetic  activities. 

The  close  relationship  between  air  quality,  the  sensory  quality  of 
the  environment  and  aesthetic  activities  resulted  in  high  impact  scores 
in  the  evaluation.  Improvements  in  air  quality  and  the  sensory  quality 
of  the  environment  resulted  in  very  large  improvements  in  aesthetic 
activities. 

Naturally  enough,  it  was  felt  that  improvements  in  the  aesthetic 
environment  strongly  enhanced  residential  activity,  which  in  turn  would 
influence  immigration  to  the  C-SELM  area.  Moreover,  improvements  in  air 
quality  were  judged  to  have  strong  positive  effects  on  health  and  safety 
and  ecosystem  status.  Recreation  activities  were  also  expected  to  be 
significantly  enhanced  by  improvements  in  air  quality  and  the  sensory 
quality  of  the  environment. 


LAND  USE 

The  evaluation  of  the  impact  of  changes  in  land  use  on  human  activi- 
ties confirms  the  competing  nature  of  land  use  demands  in  the  C-SELM  region. 
If  more  land  is  allocated  to  present  or  future  residential  use , residen- 
tial activity  would  be  enhanced  at  the  expense  of  food  production.  If 
more  land  is  diverted  to  industrial  or  conmercial  use,  production  in  these 
sectors  would  increase,  but  the  amount  of  available  land  for  food  produc- 
tion and  residential  activity  would  decrease.  Similarly,  a greater  share 
of  the  region's  land  resources  devoted  to  agriculture  would  increase  food 
production  while  commercial,  industrial,  and  residential  activity  would 
suffer  in  terms  of  available  land.  Finally,  if  land  is  set  aside  for 
recreational  purposes,  recreational  activity  would  be  enhanced  at  the 
expense  of  commercial,  industrial  and  agricultural  production  and  resi- 
dential land  use.  The  B Matrix  evaluation  scores  thus  provide  an  indi- 
cation of  the  relative  opportunity  costs  of  allocating  land  among  com- 
peting activities.  The  scores  provide  a measure  of  the  extent  to  which 
some  human  activities  must  be  foregone  in  order  to  achieve  the  enhance- 
ment of  a particular  activity.  The  overall  social  impact  of  a realloca- 
tion of  land  depends  on  how  society  values  each  of  the  activities  that 
use  land. 

The  direct  trade  offs  between  competing  land  use  allocations  are 
conplicated  by  the  further  direct  and  indirect  effects  of  increasing 
the  share  of  land  allocated  to  a particular  activity  (and  hence  decreasing 
the  share  available  to  other  uses).  For  example,  the  enhancement  of  resi- 
dential activity  would  lead  to  immigration  into  the  region,  and  an  increased 
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demand  for  construction  and  public  and  private  service.  On  the  gh<  r he.'!-, 
more  housing  developments  could  be  destructive  to  ecosystem  status. 

The  increase  in  industrial  and  conmercial  production  that  results 
from  greater  land  use  allocation  to  these  activities  generated  the  largest 
negative  impact  scores  in  the  B Matrix  evaluation.  In  addition  to  reducing 
residential  and  agricultural  activity,  a greater  amount  of  cormerclal  and 
industrial  activity  would  be  disruptive  of  recreation  and  aesthetic  activ- 
ities, the  ecosystem  status,  and  the  social  structure.  The  general  level 
of  health  and  safety  and  cultural  and  educational  activities  were  also 
judged  to  suffer.  On  the  other  hand,  greater  industrial  and  conmercial 
activity  would  result  in  more  construction  and  higher  income  and  employ- 
ment. The  greater  availability  of  jobs  would  attract  more  people  to  the 
region,  but  most  of  the  potential  immigration  would  be  choked  off  by  the 
adverse  inpacts  on  human  activities  that  accompany  greater  industrial 
and  conmercial  production. 

While  the  allocation  of  more  land  to  food  production  was  judged  to 
enhance  recreational  and  aesthetic  activities  and  ecosystem  status , it 
would  result  in  negative  inpacts  on  more  human  activities  than  any  other 
environmental  change.  Community  political  and  social  structures  would 
be  disrupted.  (3)  The  decline  in  residential  activity  that  results  from 
an  increased  land  use  allocation  to  food  production  would  in  turn  impact 
negatively  on  construction  activity.  The  latter,  together  with  the  di- 
minished corrmercial  and  industrial  production  that  follows  constrained 
land  use  for  those  activities,  would  result  in  lower  employment  in  the 
C-SEIM  region.  All  of  these  factors  would  combine  to  diminish  the  demand 
for  private  services,  and  discourage  immigration  into  the  region.  The 
new  land  use  pattern  would  also  create  public  finance  difficulties,  but 
it  would  tend  to  disperse  the  population  more  thinly  over  the  region. 

Increased  recreational  land  use  would  enhance  aesthetic  activities 
and  the  ecosystem  status.  On  the  other  hand,  the  indirect  effect  of  en- 
hancing recreation  at  the  expense  of  industry  and  commerce  would  be  a 
small  decline  in  construction  and  a smaller  fall  in  income  in  the  region. 
Residential  activity  would  be  slightly  enhanced,  as  would  cultural  and 
educational  activity.  Finally,  the  evaluators  expect  that  the  improve- 
ment in  safety  associated  with  the  decrease  in  production  and  construction 
activity  would  more  than  offset  the  accidents  associated  with  increased 
recreation. 


(3)  The  evaluators  defined  impacts  that  would  result  in  changes  in  poli- 
tical and  comnunity  structures  as  negative;  those  that  would  sta- 
bilize those  structures  were  rated  on  the  plus  side.  Because  of 
difficulty  with  this  assumption,  the  average  scores  were  all  small. 
Only  two  minus  scores  resulted  for  comnunity  structures  (as  inpacted 
by  cormercial  and  industrial  land  use,  and  agricultural  land  use), 
and  only  one  for  political  structures  (as  impacted  by  increased 
agricultural  land  use  allocations). 
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SOIL  QUALITY 


Hiis  factor  is  important  for  food  production,  as  recognized  by  the 
evaluators.  Again  there  are  other  effects,  as  well.  With  improved  soil 
quality  ecosystem  status  and  aesthetic  qualities  were  expected  to  be 
enhanced . 

However,  it  should  be  kept  in  mind  that  there  are  many  unanswered 
juesl  leans  about  the  properties  of  soil.  Thus,  improvement  in  soil  quality 
by  the  land  treatment  method  is  still  ’uncertain  from  a long  range  point 
•'  view.  Ihe  evaluations  took  a 50  year  point  of  view  and  judged  the 
irrp  act  of  improvements  in  soil  quality  as  enhancing  human  activities. 

Another  long  range  phenomenon  that  must  be  considered  is  the  feedback 
effect  of  utilizing  improved  soil  for  food  production,  residential  or 
recreational  uses.  Extensive  use  may  wash  out  the  effects  of  initial 
improvements. 


MINERAL  AND  ENERGY  RESOURCES 

Increased  availability  of  mineral  resources  and  energy,  either  through 
increases  in  the  supply  of  or  reduced  demand  for  these  resources , is  viewed 
as  having  a large  favorable  impact  on  industrial  production  and  moderately 
favorable  impacts  on  construction  activity.  Ihe  greater  availability  of 
these  resources  does  not  result  in  uniform  enhancement  of  all  human  activ- 
ities, however.  Greater  energy  and  mineral  resource  availability  is  judged 
to  have  detrimental  effects  on  ecosystem  status,  directly  through  produc- 
tion and  indirectly  through  its  effects  in  stimulating  industrial  and 
construction  activity. 

Ihe  increased  availability  of  mineral  and  energy  resources  has  pos- 
itive indirect  effects  on  employment  and  income  through  the  effect  of 
resource  availability  on  production.  The  greater  availability  of  energy 
in  the  C-SELM  region  is  also  viewed  as  beneficial  to  conmercial  activity, 
the  provision  of  public  and  private  service,  and  residential  activity. 

The  impact  of  greater  energy  availability  on  production  and  residential 
activity  has  spillover  or  fallout  effects  on  other  human  activities. 
Enhanced  residential  activity  and  the  greater  availability  of  employment 
and  income  opportunity  attracts  newcomers  to  an  area,  and  hence  increases 
the  rate  of  immigration.  It  should  be  recognized,  however,  that  extreme 
immigration  into  the  C-SELM  area  might  have  negative  social  impacts. 

Ihe  evaluators  judged  the  resulting  mix  of  production  and  residential 
activities  to  be  somewhat  beneficial  for  the  problems  of  public  finance 
in  the  region.  It  should  be  recognized,  however,  that  increases  in  income 
and  errployment  due  to  the  greater  availability  of  mineral  resources  imply 
declines  in  aesthetic  activity  and  long-run  residential  activity  (after 
as  ril  La 3 Ln  : *<  as  ) , and  n ;ga1  iv<  Lmj  acts  upon  recreation,  health  and 
ifety,  and  1 ; mmunil y s :io-j  1 : • i :a  st  ru  :1  jr  . 


ACCESS 


Improvements  in  access  are  important  determinants  of  population  shifts, 
recreation  and  residential  activities,  and  commercial,  industrial,  and 
food  production.  In  addition,  they  produce  second  order  effects  in  the 
area  of  copulation  density,  employment  and  income,  aesthetics,  and  even 
education  and  cultural  activities.  The  community  socio-political  struc- 
ture is  also  affected  in  the  long  run.  (4) 

The  evaluators  recognized  the  impact  of  access  across  the  whole  range 
of  human  activities.  Improvement  in  access  was  expected  to  also  lead  to 
greater  construction  activity  and  the  enhancement  of  public  and  private 
services.  Population  density  was  judged  to  be  only  weakly  affected  by 
by  improved  access.  No  doubt  the  positive  increase  in  population  density 
by  means  of  greater  access  to  the  suburbs. 

On  the  negative  side,  improved  access  was  judged  to  be  a threat  to 
ecosystem  status.  Regarding  the  aesthetic  quality  of  the  environment,  a 
net  "no  effect"  resulted.  This  is  due  to  a balancing  of  slightly  nega- 
tive and  slightly  positive  views  regarding  impacts.  Studies  show  short- 
run  benefits,  but  long  range  negative  impacts  if  firm  planning  and  land 
use  controls  are  not  exercised  at  access  points.  (5) 


BIOTIC  COMMUNITIES  AND  UNIQUE  OR  RARE  THINGS 

Preservation  of  historical  sites , aesthetically  desirable  natural 
features  (e.g.,  wooded  areas,  dunes,  streams)  and  wild  life  is  viewed  as 
offering  constraints  on  socio-economic  development.  The  evaluators  judged 
these  constraints  to  have  only  minor  negative  impacts  on  commercial,  in- 
dustrial and  food  production  (6)  and  construction  activities.  However, 
a concentrated  effort  for  the  preservation  of  unique  or  rare  things  in 
the  C-SEIM  area  might  impose  considerable  constraints  on  such  activities. 
For  example,  preservation  of  the  national  lakeshore  might  severely  limit 
the  expansion  of  steel  production  there.  Further,  air  quality  controls 
have  already  cut  into  possible  production  levels  or  profitability  of 
existing  plants. 


(4)  See,  for  example,  John  R.  Maiolo,  ed. , Highways  and  Communities 
(Pennsylvania  State  University,  Institute  for  Research  on  Land  and 
Water  Resources,  Summer  1966). 

(5)  See  Blairsville:  A By-Pass  Study  (Pennsylvania  State  University: 

Institute  for  Research  on  Land  and  Water  Resources,  1962;  and 
Munroeville:  The  Social  and  Economic  Impact  of  a Highway  (pennsyl- 

State  University,  Institute  for  Research  on  Land  & Water  Resources,  1958). 

(6)  Preservation  of  biotic  communities  was  viewed  as  having  a positive 
effect  on  food  production. 
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On  the  other  hand  the  evaluators  perceived  somewhat  stronger  posi- 
tive impacts  of  preserving  -unique  or  rare  things  on  recreation,  aesthetic 
activities  and  ecosystem  status.  Spillover  benefits  also  exist  in  the 
area  of  cultural  and  educational  activities.  Given  the  tradeoffs  between 
production  and  other  human  activities  associated  witn  the  rroservat ■ n •' 
unique  or  rare  things,  the  social  weight  or  priorities  assigi  i 1 each 
human  activity  are  crucial  in.  determining  'whether  tn  vera'll  in-act  of 
preserving  unique  or  rare  things  is  positive  r negativ<  . With  regard 
to  this  variable,  then,  the  region  is  faced  with  a difficult  policy 
choice.  Some  optimal  combination  of  the  preservation  T :r  natural 
resources  and  minimum  d reduction  levels  must  be  found. 


WEIGHTS  OF  HUMAN  DIMENSIONS 


The  following  table  indicates  the  evaluation  team's  'weighting  of  the 
human  factors.  This  rating  on  a scale  from  -3  to  +3  indicates  the  eval- 
uator's judgments  of  the  relative  desirability  of  enhancing  the  activities 
indicated.  In  other  words,  given  the  current  status  of  these  activities 
within  the  C-  SELM  region,  it  was  felt  that  society  would  benefit  from 
improvements  in  the  areas  of  aesthetic  activity,  health  and  safety, 
ecosystem  status,  recreation,  and  cultural  and  educational  activities 
relative  to  the  remaining  activities. 


It  should  be  emphasized  that  this  ranking  reflects  '"he  judgments  of 
the  evaluation  team.  Other  rankings  have  been  used  which  nroduce  slightly 
different  (but  very  interesting  results).  (See  Chapter  ,,  Table  q and 
Figure  E IV-3) . 


TABLE  E A-2 


HUMAN  FACTORS  WEIGHTS 


Factors 
Aesthetic 
Health  and  Safety 
Ecosystem  Status 
Recreation 
Cultural/Educational 
Public  Service 
Employment 
Public  Finance 
Income 

Commercial  Production 
Food  Production 
Private  Service 
Residential  Activity 
Comnunity  Social  Structure 
Construction  Services 
Coimunity  Political  Structure 
Industrial  Production 
Immigration 
Population  Density 


Weights 

2.8 

2.7 

2.5 
2.4 
2.4 
2.1 
2.1 
1.9 

1.7 
1.7 

1.6 
1.3 
1.3 
1.1 

.8 

.7 

.6 

-1.5 

-1.9 
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TABLE  E A~3 


H-VECTOR  WEIGHTS 


HUMAN  DIMENSIONS  WEIGHTINGS 


HUMAN  DIMENSIONS 
(11  lector) 

Evaluation 

Team 

2nd  r°und 

Evaluation 

Team 

1st  round 

Commerce  & 
Indus  try 
Committee 

Planner  i* 
S.D.  Official 

Commercial  Production 

1.  7 

1.2 

1.3 

0.5 

Industrial  Production 

0.6 

0.3 

1.  7 

1.0 

Food  Production 

1.6 

1.0 

2.0 

0.5 

Construction  Services 

0.8 

0.8 

0.5 

0.7 

Public  Service 

2.1 

2.3 

1.0 

1.5 

Private  Service 

1.3 

2.0 

0.2 

1.0 

Residential  Activity 

1.3 

1.5 

0.8 

1.  7 

Immigration 

-1.5 

-0.2 

-1.0 

-1.0 

Population  Density 
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ANNEX  B:  DISPARATE  POINTS  OF  VIEW  AMONG  THE  JUDGES 


INTRODUCTION 

The  results  presented  In  Sections  III  and  IV  of  this  report  are 
based  on  the  assumption  that  the  best  estimate  of  impact  in  any  given 
cell  of  the  A or  B matrix  Is  the  average  of  the  estimates  of  the 

lividual  judges.  The  averaging  approach  is  reasonable  if  each  judge 
randomly  samples  his  estimate  for  a given  cell  from  the  same  normal 
distribution  with  expected  value  equal  to  the  "true"  impact  coefficient 
and  with  its  variance  being  the  result  of  random  errors  of  judgment.  In 
such  a case  we  would  have  theoretical  agreement  on  concensus  among  the 
j udges . 

However,  it  is  doubtful  that  this  argument  applies  here.  The 
primary  reason  for  utilizing  a multi-disciplinary  panel  of  evaluators  is 
to  allow  impact  to  be  examined  in  terms  of  a spectrum  of  specialized 
points  of  view.  It  is  not  likely  that  any  one  person  can  effectively 
comprehend  the  whole  picture,  and  it  is  therefore  not  likely  that 
differently  trained  specialists  will  agree,  even  if  their  judgments  are 
error- free.  Each  judge  will  tend  to  view  the  impacts  through  the  eyes  of 
his  own  discipline.  He  will  be  sensitive  to  certain  specialized  facts, 
processes  and  criteria,  while  neglecting  others  that  are  less  relevant  to 
his  concerns.  Such  disagreement  among  judges  about  impacts  does  not 
necessarily  mean  that  anyone  is  wrong;  rather  it  means  that  each  has 
examined  a different,  though  perhaps  over-lapping,  set  of  channels  of 
impact.  The  impacts  assessed  in  this  way  must  be  assembled  into  a mosaic 
of  the  total  impact,  almost  as  one  would  assemble  a puzzle.  If  we  assume 

(1)  that  the  impacts  are  additive,  (2)  that  all  important  channels  of 
impact  are  equally  represented  among  the  panelists,  and  (3)  that  errors  of 
judgment  are  random  and  relatively  small,  the  average  is  a good  estimate 
of  the  overall  or  composite  impact  for  any  given  cell  in  the  matrix. 

Yet , there  are  several  important  reasons  why  we  ought  to  look  beyond 
the  averages  into  an  analysis  of  individual  viewpoints: 

(1)  to  determine  whether  there  are  in  fact  disparate  points  of  view 
among  the  judges  or  whether  observed  disagreements  can  be 
attributed  to  random  errors. 

(2)  to  determine  whether  the  different  viewpoints,  If  differences 
exist,  are  represented  equally  in  the  panel. 

(3)  to  describe  the  different  points  of  view  and  to  explain  the 
impacts  as  seen  by  each,  and 

(*l)  to  assess  the  relative  ere  lability  of  the  differerJ  points  of 
view,  if  possible. 

It  is  the  purpose  of  this  section  of  the  roper"  t .anal vs  ar.d  discus; 


the  disparate  views  of  the  panelists.  This  will  allow  the  analyst  to  make 
corrections  or  adjustments  in  the  average  results,  while  allowing  the 
reader  to  use  his  own  judgnent  in  deciding  which  viewpoints  are  most 
relevant  to  him. 


EVIDENCE  OF  STABLE  DISAGREEMENTS  AMONG  THE  JUDGES 

Analysis  of  variance  of  the  A and  B matrices  leads  to  the  conclusion 
that  the  cell  averages  are  far  more  reliable  than  could  be  expected  if  the 
observed  disagreement  among  judges  were  purely  random.  For  example,  in 
two  independently  estimated  average  B matrices  (summer  1972  arid  winter  1973) 
differences  between  the  matrices  constitute  only  3%  of  all  the  information 
these  contain.  This  means  that  these  are  97%  reliable.  The  average  among- 
judge  variance  predicted  by  this  result  is  0.430  (a  predicted  standard 
deviation  of  0.656).  The  observed  average  variance  among  judges  for  any 
given  cell  is  much  greater,  1.26,  (actual  standard  deviation  of  1.12). 

Thus,  the  difference  between  0.430  and  1.26  must  have  been  caused  by  stable 
disagreement  among  judges. 

Similar  conclusions  can  be  drawn  about  the  A matrix,  although  there  is 
less  observed  disagreement  among  the  judges  than  in  the  B-matrix  (actual 
among-judge  variance  - 0.842).  The  presence  of  stable  disagreement  means 
that  different  viewpoints  are  being  expressed.  Different  panels  might 
produce  different  average  matrices,  and  it  is  important  to  isolate  the 
disparate  views  expressed  by  the  panelists  we  have  used. 


THE  SYSTEMS  AS  SCORED  BY  EACH  INDIVIDUAL  JUDGE 

If  the  individual's  A matrix  is  multiplied  by  his  B-matrix,  the 
product  is  an  individual  C-matrix.  When  this  C matrix  is  multiplied  by  the 
unit  weighting  vector,  the  resulting  row  sums  are  system  element  scores 
from  the  individual  judge's  point  of  view.  Combining  the  appropriate 
system  element  scores  into  system  scores  produces  the  information  shown  in 
Table  EB-1 , overall  system  impacts  as  seen  by  each  judge.  The  range  of 
variation  is  shown  in  Figure  EB-1.  Clearly,  there  are  major  differences 
among  the  thirteen  judges.  These  differences  may  be  divided  into  two 
categories:  (1)  range  of  variation,  and  (2)  relative  ordering  among  systems 

The  following  paragraphs  briefly  verbalize  each  judges  way  of 
evaluating  the  systems.  The  approach  used  in  the  narrative  is  first,  to 
state  the  order  of  preference  for  treatment  types  under  the  assumption  f 
equal  options  (i.e. , agricultural  sludge  disposal,  potable  needs  from  Lake 
Michigan,  and  no  powei'1,  the  options  common  to  all  five  system  types,  ir. elud- 
ing the  reference  system).  Second,  exceptions  to  this  ordering  are 
Jescribed  as  they  result  from  the  effect  of  ether  options.  Third,  systems 
having  net  positive  and  net  negative  impacts  relative  is  the  reference 
system  are  identified  by  treatment  type  and  combinations  of  cptl  ns.  F irtl 

Igi  ' pref :es  bet  w pairs  f ptl  ns  . g. , j wer  vs . i ; w<  ■ 

an  lescrito  i wl  er<  ‘ 1 • pattern  is  : nsistent.  Final! y , stat  ewei  t is  n i 


regarding  which  system  is  most  desirable  and  which  is  leas-  desirable-. 

The  same  information  is  summarized  in  Table  EB-P  for  readers  who  want  to 
explore  the  matter  differently  or  make  corparisons  among  judges. 


Gemmell : With  equal  options  the  order  of  preference  for  treatment 

type  from  best  to  worst,  respectively,  is  consistently  TV,  V,  III,  IT,  1. 
Without  exception,  all  systems  have  net  positive  :mpacts,  relative  to  the 
reference,  and  all  Type  HI,  TV  and  V systems  are  more  positive  than  Type 
II  systems.  With  respect  to  sludge  management.,  land  reclamation  is  much 
prefeir^'i  over  agricultural  disposal.  The  power  option  creates  net 
positive  benefits,  and  it  is  more  desirable  to  satisfy  all  potable  needs 
from  Lake  Michigan  than  to  recycle  system  effluent.  The  preferred  system 
is  land  treatment  with  land  reclamation,  potable  needs  from  Lake  Michigan 
a w syr*  rgism.  ■ ri  ference  system  is  least  preferred. 

i iermanr. : For  equivalent  combinations  of  options , there  is  a 

consistent  ordering  of  preference  for  treatment  type,  from  highest  to 
lowest,  respectively,  of  III,  II,  V,  I,  IV.  Type  III  , II  and  V systems 
all  have  net  positive  impacts.  Type  TV  systems  are  neutral  or  negative, 
with  the  neutral  systems  having  land  reclamation  and  potable  needs  from 
Lake  Michigan.  Land  reclamation  is  preferred  over  agricultural  sludge 
disposal,  and  satisfaction  of  potable  needs  from  lake  Michigan  is 
preferred  over  reuse.  With  Type  V systems  power  is  preferred,  but  with 
Type  TV  the  opposite  is  true.  The  most  preferred  system  is  Type  HI  with 
land  reclamation  and  potable  needs  from  Lake  Michigan.  The  worst  is 
Type  IV  with  agricultural  sludge,  potable  reuse,  and  pov  r synergism. 

Schofer : In  the  absence  of  power  synergism,  there  Is  a consistent 

ordering  by  treatment  type.  Type  V is  best,  followed  It.  order  by  TV, 

III,  II  and  I.  All  systems  produce  net  positive  Impacts  relative  to  1 hi- 
re ference.  When  power  is  added,  TV  and  V switch  places,  './1th  land 
treatment  becoming  more  desirable.  Power  Is  much  preferred  over  no  power, 
•agricultural  sludge  disposal  is  preferred  over  land  reclamation,  and 
reuse  of  effluent  is  preferred  over  satisfaction  of  all  potable  needs 
from  Lake  Michigan.  The  most  desirable  system  is  land  treatment  (TV), 
with  agricultural  sludge  disposal,  potable  reuse  and  power  synergism.  The 
least  desirable  is  the  reference  (I). 

Pipes : The  best  system  is  the  reference  (I).  All  others,  produce  net 

negative  impacts.  There  is  a consistent  ordering  of  treatment  types,  with 
I preferred  over  III  preferred  over  V preferred  over  TT  preferred  over  IV. 
Land  reclamation  is  more  desirable  than  agricultural  sludge  disposal. 

Power  produces  negative  impacts  and  satisfaction  of  potable  needs  from 
Lake  Michigan  Is  much  preferred  over  potable  reuse.  The  least  desirable 
system  is  land  treatment  with  agricultural  sludge  disposal,  pot abb  reuse 
and  power.  Pipes  and  Schofer  are  almost  complete  opposites. 

Peterson:  All  systems  produce  net  positive  Impacts  relative  to  the 

reference.  In  the  absence  of  power  synergism,  treatment  types  ar^  ordered 
consistently  V,  ITT,  IV,  II,  I,  from  most  to  least  desirable,  resp<  ••  !•••  ly. 
When  power  is  added,  land  treatment  (TV)  becomes  more  jenirable  Mia;  mixed 
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Increasing  preference  bottom  to  top 


treatment  V.  Land  reclamation  is  preferred  over  agricultural  sludge 
disposal.  Potable  reuse  is  preferred  over  supplying  potable  needs  from 
Lake  Michigan,  and  power  is  much  preferred  over  no  power.  The  most 
desirable  system  is  land  treatment  with  land  reclamation,  potable  reuse 
and  power. 

Watson:  All  systems  except  the  physical -chemical  types  produce 

positive  benefits  relative  to  the  reference.  Treatment  types  are 
ordered  consistently  III,  IV,  V,  I and  II,  from  most  to  least  desirable, 
respectively.  Land  reclamation  is  preferred  over  agricultural  sludge 
disposal  and  power  is  preferred  over  no  power.  There  is  indifference 
between  the  two  options  for  potable  needs.  The  most  desirable  system  is 
land  treatment  with  land  reclamation  and  power.  The  least  desirable 
system  is  physical-chemical  treatment  which  has  a net  negative  impact. 

Kinias : With  no  power  and  land  reclamation,  treatment  Type  III  is 

preferred  over  type  V,  which  is  in  turn  preferred  over  Type  IV.  Other 
options  being  equal,  Type  IV  is  consistently  the  least  desirable  treat- 
ment process.  With  agricultural  sludge  disposal  and  use  of  Lake  Michigan 
water  for  all  potable  needs,  the  order  is  II,  I,  V,  III  and  IV,  respect- 
ively, from  best  to  worst.  With  potable  reuse  of  effluent,  the  same 
order  persists,  except  that  the  reference  type  is  not  comparable.  With 
power  synergism.  Type  V is  consistently  preferred  over  Type  IV.  Regard- 
ing the  other  options,  land  reclamation  is  much  preferred  over 
agricultural  sludge  disposal,  potable  reuse  is  preferred  over  Lake 
Michigan,  and  power  is  preferred  over  no  power,  except  in  combination 
with  land  treatment  (IV)  where  there  is  indifference  between  power 
options.  The  most  preferred  system  is  treatment  Type  V in  combination 
with  land  reclamation,  potable  reuse  and  power  synergism.  The  least 
desirable  system  is  land  treatment  with  agricultural  sludge  disposal  and 
potable  needs  from  Lake  Michigan. 

Kehrer : With  no  power  and  agricultural  sludge  disposal  the  order  of 

preference  for  treatment  type  is  III,  V,  TV,  and  II  from  best  to  worst, 
respectively.  Where  it  is  conparable,  the  reference  treatment  is  second  to 
Type  III.  With  land  reclamation,  Type  III  is  the  least  desirable.  Type 
IV  dominates  when  potable  needs  are  supplied  from  Lake  Michigan,  while 
Type  V is  best  with  reuse.  In  the  presence  of  power,  Type  V is  preferred 
over  Type  IV-  All  systems  have  net  positive  impacts  except  all  TVPe  II, 
which  are  negative,  Typ«  III  with  land  reclamation,  potable  needs  from 
Lake  Michigan  and  no  power,  TyPe  TV  with  potable  needs  from  lake  Michigan 
and  no  power,  and  Type  V with  potable  needs  from  Lake  Michigan.  For  sludge 
management  agricultural  disposal  is  preferred  over  land  reclamation  except 
with  treatment  TyPe  V,  when  land  reclamation  is  preferred.  Reuse  of 
effluent  for*  potable  needs  is  much  preferred  over  exclusive  use  of  Lake 
Michigan  water.  With  land  treatment  (IV)  power  is  preferred,  while  with 
IVpe  V,  no  power  is  preferred.  The  most  desirable  system  is  land  treatment 
(TV)  with  agricultural  sludge  disposal,  potable  reuse  and  power.  The  worst 
system  is  physical-chemical  treatment  with  agricultural  sludge  disposal  and 
potable  neeas  from  lake  Michigan. 
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:~d-'-a.y  • •••:  Wl  : pti  ns  art  equivalent  thi  order  of  preferenet  for 

treatment  Typi  Is  [V,  HI,  V,  ! and  II,  respt  rtively,  from  1 st  tx  w rst 
'with  land  reclamation  V and  III  ;hange  places.  A:1  Typi  III  and  IV 
systems  have  net  p sitlve  impacts.  Type  V systems  with  land  reclamat J • 
are  alsc  positive.  All  iyp<  □ systeir  • are  n<  gat  Lve  in  impact . For 
sludge  management*  lar  i n ilamation  is  much  pr<  ferred  v<  i agri  :ul1 
lisposal.  Exclusivi  ise  jf  Lak  ’iichigan  for  j tablf  ne  is  prefen:'  i 

" r r ise  A f fluent.  With  treatment  Tfyp<  A t p 3 - mb  at  ten 

while  with  iyp<  11  detracts.  A-  most  iesirablf  ;ystet  is  treatment 
Type  IV  with  land  reclamati  n,  potabli  n<  ■ i.-  fron  Lak<  M3. chigai  ai  i power. 
The  least  lesirable  system  is  Type  TT  wit!  agri  tultu  s idg  ii  ■: 
and  reuse. 

Reshkin:  Other  options  being  equal , th<  >rder  pr  rence  f r 

treatment  Type  is  I,  III,  V,  II  and  TV,  from  highest  to  lowest  respect ively. 
Only  Type  III  and  Type  V systems,  both  with  land  reclamation,  have  not 
positive  impacts  relative  to  the  reference  system.  All  other  systems  havi 
net  negative  impacts.  The  syst  ms  with  ; sitivi  impacts  are  enhanced  by 
land  reclamation,  which  is  greatly  preferred  over  agricult  iral  sludge 

disposal  and  is  not  present  in  the  reference  system.  N t mt  r is  : r<  f rred 

to  power  synergism,  and  reuse  is  preferred  to  exclusive  use  of  Lai:’ 

Michigan  for  potable  needs.  Hie  best  system  is  Type  III  with  Land  reclama- 
tion and  potable  reuse.  The  worst  system  Is  Type  IV  with  agri • t ira 
sludge  disposal,  potable  needs  from  Lake  Michigan  and  power  synergist  . 

Krekeler : With  equal  options,  the  preference  for  treatment  "h: 

I,  IV,  II,  III  and  V,  from  highest  to  lowest  , resp<  :1  ively.  With  ; w<  ■ 
added.  Type  IV  systems  have  net.  positive  impacts,  r*  latl  ■ t ..  the 
reference,  but  all  other  systems  produce  negative  impacts,  regardless  f 
options.  Agricultural  sludge  disposal  is  preferred  -v-" r land  re-'lantv  i'  • , 
and  power  is  preferred  over  ; >w>-r.  With  -gari  t potal  L<  net  rt  is 
is  much  preferred  over  all  needs  from  Lake  M3  thigai  . .Tht  best  system  is 
Type  IV  with  agricultural  sludge  disposal,  r us-  and  power.  A/-  verst 
system  Is  Type  V with  land  reclamation  and  potable  nt  eds  fr  ••  akt  •’  ••  • . 

Malolo : With  equivalent  t 4 ions , th<  rder  t if  j n ft  renct  f or  t ••  at  - 

ment  Type  is  V,  TV,  I,  III  and  II,  from  best  to  worst  , rv.'pcpt ively.  Al i 
Type  IV  and  V systems  have  net  positive  impacts,  mi  at  4 the  • ■ 

system.  Type  HI  systems  with  land  reclamation  are  also  posltivt  , at  1 
other  systems  are  negative.  With  agri  :ult  iral  tdgt  iisj  , • V 

treatment  is  preferred  over  Type  IV,  1 it  witl  ind  •••  rlamal  ion  th<  rd 

reversed.  With  powt  , V is  preferrt  i ver  IV.  For  disj  : f slud 

land  reclamation  is  preferred  - agri  rulture.  Reust  ' favored  \ 

Michigan  for  potable  needs.  With  Typt  V systems,  : ■ r is  prefei  vt  1,  1 1 

with  Type  IV  systems  there  is  no  preference  b< -tw> ••  • 1 wv  an:  t pow* 

••  st  preferred  system  Is  Type  V with  land  reclamat  ion,  potal  rou:  tnd 

: w<  ■ . Phi  L >ast  [ ft  rre  J sysl em  is  Type  II  witl  gri 
disposal,  and  potable  needs  from  Ink'  ••  .•  . 

'y;  ra : W3 1\  juivalent  pti  , preference  for  Vpe  i 

V at  t '•  ■ to{  ' hr  ipl  I,  III,  IV  and  I,  respect  1 . V system 


have  net  positive  impacts.  Also  positive  are  Type  III  systems  with 
land  reclamation  and  Type  IV  systems  with  land  reclamation  and  no  power'. 
With  power.  System  V is  preferred  over  IV.  For  sludge  disposal,  land 
reclamation  is  preferred  over  agriculture.  No  power  is  better  than 
power,  and  reuse  is  preferred  to  supplying  all  potable  needs  from  Lake 
Michigan.  The  best  system  is  Type  V with  land  reclamation,  reuse  and  no 
power.  The  worst  system  is  Type  IV  with  agricultural  sludge  disposal, 
potable  needs  from  Lake  Michigan  and  power  synergism. 


INDEPENDENT  DIMENSIONS  OF  VIEWPOINT 

Principal  components  analysis  of  the  thirteen  sets  of  system  scores 
in  Table  EB-1  indicates  that  seven  independent  dimensions  of  viewpoint 
are  being  expressed  by  the  thirteen  judges.  The  first  two  principal 
components  explain  67.5%  of  the  total  inter-judge  variation,  but  explain 
less  than  that  amount  of  the  information  in  the  scores  of  the  following 
judges:  Pipes  (6l%) , Hermann  (53%),  Kinias  (^W,  Kehrer  (^3%),  El-Naggar 
(57%),  and  Krekeler  (50%).  The  other  judges  are  relatively  better  explained 
by  these  two  dimensions:  Reshkin  (98%),  Maiolo  (72%),  Cypra  (75%), 

Gemmell  (72%),  Schofer  (86%),  Peterson  (76%),  and  Watson  (91%).  In  order 
to  lose  no  more  than  3 % for  any  one  judge,  seven  dimensions  are  required, 
and  other  criteria  suggest  that  seven  is  the  simplest  adequate  explanation. 
These  seven  factors  explain  98.8%  of  the  total  inter-judge  variation  in 
system  scores. 

Table  EB-3  gives  the  average  system  scores  (in  standard  deviations 
from  the  reference  system)  for  the  first  two  principal  components . Table 
EB-4  shows  how  each  judge  correlates  with  each  of  these  dimensions  of 
judgment.  Table  EB-5  gives  the  average  system  scores  (again  in  standard 
deviations  from  the  reference)  for  seven  independent  dimensions  of 
judgnent  (varimax  rotation  of  first  seven  principal  components ) . Table 
EB-6  shows  how  each  judge  is  correlated  with  these  seven  independent  view- 
points. 

The  information  in  Table  EB-6  is  quite  complex.  It  can  be  simplified 
by  associating  each  factor  with  the  judges  who  have  half  or  more  of  their 
variation  explained  by  it.  Thus,  Factor  1 is  the  El-Naggar,  Gemmell, 

Watson  point  of  view.  Factor  2 is  closest  to  Krekeler.  Factor  3 is 
primarily  Kinias,  Reshkin,  and  Cypra.  Factor  ^ is  Hermann  and  anti- 
Maioio.  Factor  5 explains  Peterson  and  Schofer.  Factor  6 is  most  closely 
associated  with  Kehrer,  and  Factor  7 is  dominated  by  Pipes. 


THE  UNBIASED  PANEL  ESTIMATE 


From  Table  EB-6  it  is  clear  that  the  seven  independent  viewpoints  are 
riot  represented  equally  in  the  panel.  They  range  from  20.1%  (Factor  5)  of 
the  total  variation  explained  down  to  a low  of  7*7%(Factor  6).  Thus, 
factor  5 is  represented  2.7^  times  as  strongly  as  Factor  6.  If  it  is 


TABLE  EB-3 

TWO  PRINCIPAL  DIMENSIONS  OF  VIEWPOINT 
(62.5%  of  total  inter-judge  variation) 


SYSTEM 

NUMBER 

PRINCIPAL 
DIMENSION (Pi ) 

SECONDARY 
DIMENSIONS  ) 

1 

0.000 

0.000 

2 

-0.603 

-0.548 

3 

-0.203 

-0.526 

4 

0.749 

0.657 

5 

1.135 

0.705 

6 

1.098 

2.018 

7 

1.336 

2.412 

8 

1.151 

-0.750 

9 

1.553 

-0.728 

10 

2.356 

-1.021 

11 

2.758 

-0.997 

12 

2.068 

0.750 

13 

1.66? 

0.728 

14 

3-273 

0.481 

15 

2.871 

0.459 

16 

1.264 

0.218 

17 

1.667 

0.241 

18 

1.941 

0.156 

19 

2.343 

0.180 

20 

1.758 

1.688 

21 

2.160 

1.712 

22 

2.435 

1.627 

23 

2.836 

1.650 

are  in  standard  deviations  from  reference. 


1 


TABLE  EB-4 

CORRELATION  OP  INDIVIDUAL  JUDGES  WITH  TWO  PRINCIPAL 
DIMENSIONS  OF  JUDGMENT 


JUDGE 

PRIMARY 

DIMENSION 

SECONDARY 

DIMENSION 

PERCENT 
OF  JUDGE 
EXPLAINED 

Gemmell(lO) 

178441 

.093 

72 

Hermann(ll) 

-.501 

.526 

53 

Schofer(12) 

1-9251 

-.059 

86 

Pipes (13) 

-.459 

.632 

61 

Peterson(l4) 

1 .d65: 

-.124 

76 

Wat son (16) 

1.884 

.360 

91 

Kinlas(31) 

-.046 

.663 

44 

Kehrer(32) 

.654 

-.004 

43 

El-Naggar(33) 

nm 

.219 

57 

Reshkin(34) 

-.214 

1 -9661 

98 

Krekeler(35) 

.571 

-.415 

50 

Maiolo(36) 

urn 

•175 

72 

Cypra(38) 

.102 

T$59 

75 

Average* 

.468 

.865 

95 

Percent  of  total 

Inter-Judge  variation 
explained : 42.9% 

24.6% 

67 

•"Average"  is  the  vector  scores  calculated  from  the  row  sums  of  the  average 
C-matrix.  The  equation  relating  "Average"  to  the  scores  in  Table  EB-2  is 

Average  = 3-78  + 31.15  P^.  + 62.58 

with  R2  = 0.946. 
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TABLE  EB-6 


CORRELATION  OF  INDIVIDUAL  JUDGES  WITH  THE 
SEVEN  INDEPENDENT  POINTS  OF  VIEW 


JUDGE 

1 

FACTOR 

2 3 

4 

m 

6 

_Z 

% JUDGE 
EXPLAINED 

Germell (10) 

1.  1 

.043 

.045 

7.147 

.376 

.007 

-.268 

97-7 

Hermann (11) 

-.131 

-.214 

.261 

liaizi 

-.023 

CSS 

-.120 

.376 

97 .2 

Schofer(12) 

.375 

.088 

-.110 

-.177 

.224 

99.6 

Pipes(13) 

-.052 

-.124 

.255 

.285 

-.233 

-.055 

97.6 

Peterson (14) 

.247 

.197 

-.086 

-.070 

□Sol 

.214 

-.225 

98.3 

Watson(l6) 

cma 

.138 

.217 

-.149 

.619 

.078 

.134 

99-3 

Kinias(31) 

-.009 

.197 

Gp 

T0H5 

.122 

-.143 

.056 

-.076 

99.1 

Kehrer(32) 

.228 

-.166 

.346 

05771 

-.051 

99-9 

El-Naggar(33 

S3 

.049 

-007 

-.109 

.149 

.131 

.072 

99.0 

Reshkin(34) 

T038 

-.325 

dli 

.130 

-.096 

-.044 

.426 

99-3 

Krekeler(  35) 

.133 

.884 

-.155 

-.196 

.258 

.253 

-.116 

99.4 

Maiolo(36) 

.357 

-.031 

.209 

rm 

EJ03 

• 525 

.173 

-.047 

97.1 

Cypra(38) 

.058 

-.515 

0.284 

.138 

.041 

.235 

99.8 

Average 

.401 

-.169 

.664 

.075 

.483 

.108 

.340 

99-7 

% of  Total 
Variation  Ex 
plained 

19-7 

10.6 

18.7 

11.7 

20.1 

7-7 

10.2 

98.7 

' of  Avg. 
Factor  Ex- 
plained 

16.1 

2.9 

44.1 

0.6 

23.3 

1.2 

11.6 

99.7 

A box  around  the  correlation  means  that  the  judge  has  at  least  half  of 
his  inter-system  variation  explained  by  that  factor. 
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usumed  that  all  possible  viewpoints  at'-  ■ : .-it  unequally , 

we  can  estimate  how  an  unbiased  panel  would  rat-  the  systems.  This  -ai. 
! ■ . ne  by  averaging  the  seven  seen  vs  in  Tab  EB-!  for  ea  ystern. 
result  ing  " jnbias?  i"  ■ an  : s • jr<  >s  ar  - wr  i Tat  - . he 
ff<  :ct  ? this"unbi  ;ing"  peratioi  is  'ally  * r ati1  ii  reas  in 
the  sc  res  r syst  ms  wit  h potab'  eu:  - Ludpy 


reclamation  also 
ilsrosal  ten!  ’ 


lisj  sal.  rhere  is  als  a 1 ?nden  :y  for  th<  A + Land  ;ystet  s c 

- ■ t’nrc  igi  ' to  irop.  Ih  Land  ems  wlf  land  rec  amat  Loj 

tr  ■ wi  ile  the  Land  syst  e ms  witt  agricult  ira]  sludgi  iisi  sa  ' : t 

improve . (Mot  : Thes<  u it  : as  1 score:  :annot  be  :omr  an  i rigor 

with  the  "average"  scores  presented  earlier  in  the  report.  Th* 

"average"  scores  were  computed  from  the  product  of  the  average  A and  E 
matrices  while  the  unbiased  scores  were  computed  by  averaging  individual 
C matrices.  The  generalizations  about  the  effect  of  "unbiasing"  were 
taken  from  a comparison  of  "Panel-biased"  average  scores  computed  by 
averaging  individual  C matrices.  (See  Fig-ire  EB-2  for  this  comparison . ) 

In  the  unbiased  estimate  the  "best"  system  is  #7,  AB  treatment 
with  land  reclamation  and  potable  reuse.  The  best  three  systems  are 
7 (Type  III),  14  (Type  IV),  and  23  (Type  V),  all  with  land  reclamation 
and  potable  reuse.  In  addition,  14  and  23  include  the  power  optical. 

The  fourth-best  system  is  # 5,  AB  treatment  with  agricultural  sludge 
disposal  and  potable  reuse.  Clearly,  PC  treatment  is  dominated  in  the 
unbiased  panel  as  well  as  In  the  actual  panel. 


SYSTEM  SCORES  II J REDUCED  JUDGMENT  SPACE 


The  independent  points  of  view  expressed  in  Tables  EB-1,  2,  j, 
and  5 are  difficult  to  interpret  because  of  their  numerical  complexity . 
The  two-dimensional  system  in  Table  EB-3  is  expressed  graphically  in 
Figure  EB-3.  Here  the  two  principal  components  are  the  axes,  and  the 
system  scores  are  plotted  in  these  two  dimensions  of  judgnent.  The 
diagonal  lines  describe  the  relationship  between  the  two  factors  and  the 
system  scores  computed  from  average  A x average  B (average  score  = 
31.15F-,  + 62.58F2).  This  scoring  function  ex:  laii  s •.  % f t av<  rage 
scoresout  only  67.5$  of  the  inter-judge  variation.  This  si  >ws  that 
considerable  information  is  missing  in  the  average  scores  that  is  con- 
tained in  the  individual  judge  scores. 

From  the  point  of  view'  of  Factor  1,  system  14  (Typi  ITV)  is  :learlj 
the  best  while  7 (Type  III)  is  best  from  the  point  of  view  of  "’actor  2. 
From  a combined  point  of  view  systems  G,  7,  20,  21,  22,  and  - form  a 
dominant  group.  Systems  14  and  15  gain  importance  as  the  emphasis  on 
Factor  1 is  increased.  (This  can  be  visualized  by  rotat  ing  th<  ii 
lines  clockwise.)  Examination  of  Table  EB-3  reveals  fhat  Factor  ] 'an  !• 
interpreted  as  a composite  of  the  j jdgro  t:  madi  by  S :1  f<  r , W ts  n, 
Peterson , Gemmell , Mai  ’ , nd  El  Naggar  with  lontributi  ; fr  Kehrer , 

Li  , (anti-)  Hei mai  n and  anti-)  Pij  5.  : :toi  :ai  l ■ ini  pret 

as  a comi  osit'  of  the-  judmonts  made  by  F-'-shk i r and  ’yt  r.u  wi1*  'ontril  ■- 
tions  fra  Kinias,  Pipi  , rmann,  rnd  ( ' i - r. 


TABLE  EB-7 


UNBIASED  PANEL  ESTIMATE  OF  SYSTEM  SCORES 
SUMMED  ACROSS  7 UNIT  WEIGHTED  FACTORS 


ALTERNATIVE  SYSTEM 

SCORE 

RANK 

RANKING  WITHIN  CATEGORY 
avg.  high  low 

I 1 

0.000 

18 

18  18  18 

II 

2 

3 

- 2.473 

- 0.526 

23 

20 

21.5 

20 

23 

III 

4 

3-117 

10 

5.5 

1 

10 

5 

5.196 

4 

6 

4.614 

7 

7 

8.231 

1 

I V 

8 

- 2.005 

22 

12 

2 

22 

9 

- 0.062 

19 

10 

2.785 

12 

11 

4.732 

6 

12 

2.121 

13 

13 

0.179 

17 

14 

6.913 

2 

15 

4.967 

5 

V 

16 

- 1.439 

21 

12.1 

3 

21 

17 

0.507 

16 

18 

0.841 

15 

19 

2.787 

11 

20 

1.232 

14 

21 

3.177 

9 

22 

3-512 

8 

23 

5.456 

3 

E R IS 


SYSTEM  SCORE  AS  COMPUTED  FROM  AVERAGE 
OF  13  INDIVIDUAL  C-MATR  ICES 


FIGURE  EB-2 

COMPARISON  BETWEEN  "UNBIASED"  AND  "BIASED" 

SYSTEM  SCORES 

Systems  connected  by  a dashed  line  differ  only  with  respect  to  the  potable 
needs  option  In  all  cases  "reuse"  is  preferred  over  “L  M and  unbias- 
ing  the  scores  enhances  reuse. 

(The  “biased"  system  scores  used  in  the  comparison  were  computed  from  the 
average  of  individual  C-Matrices,  rather  than  from  the  C Matrix  that  is  the 
product  of  the  average  A and  B Matrices.  This  is  necessary,  because  the 
"unbiased”  scores  were  derived  from  individual  C Matrices.  The  C Matrices 
and  resulting  scores  computed  by  the  two  different  approaches  differ  slightly  ) 


Thus,  the  benefit  of  Figure  EB-3  is  to  break  the  average  scores  into 
two  dimensions,  each  of  which  can  be  associated  with  different  sets  of 
.judges  with  rather  different  points  of  view.  If  there  is  any  reason  to 
place  more  credability  on  one  set  than  the  other,  the  scores  can  be  modified 
through  a rotation  of  the  scoring  function. 

The  notion  of  breaking  the  judgments  into  the  seven  independent  com- 
ponents is  even  more  appealing,  because  it  preserves  aspects  of  individual 
points  of  view  that  are  masked  in  the  averaging  process.  This  information 
is  recovered  principally  in  Factors  2 and  4 of  Thbles  EB-5  and  6.  Unfor- 
tunately we  cannot  draw  a seven-dimensional  graph  as  easily  as  one  with  only 
two  or  three  dimensions.  We  can,  how'ever,  draw  a map  of  the  hierarchies  of 
similarity  and  difference  among  systems  in  the  "unbiased"  seven  dimensions 
of  judgment  expressed  in  Table  EB-5.  This  map  is  shown  in  Figure  EB-4.  The 
map  is  in  the  form  of  a dendragram  or  taxonomic  tree.  The  systems  whose 
scores  are  closest  together  in  the  seven  dimensional  space  are  linked  at  the 
top  of  the  tree,  with  the  descending  trunks  showing  increasing  distances 
among  the  groups.  The  vertical  axis  at  the  left  is  the  percent  of  the  total 
intersystem  variation  that  is  contained  within  the  groups  that  have  been 
formed  above  that  level.  Thus  at  the  7-group  level,  only  31.21  of  the 
difference  in  scores  is  within  groups  while  more  than  twice  as  much  (68.85?) 
is  still  between  groups.  Loosely  defined,  there  are  at  this  level  seven 
rather  different  types  of  "system."  These  types  and  their  average  group 
score  are  as  follows: 


TABLE  EB-8 


GROUP 

SYSTEMS 

ALTERNATIVE 

unbiased 

AVERAGE  GROUP  SCORE 

1 

5, 6, 7 

Type  III 

5.29 

2 

10,11,14,15 

Type  IV  with 

power 

4.85 

3 

18,19,22,23 

Type  V with 

power 

3-15 

4 

12,13,20,21 

Type  IV  & V: 

land,  no  power 

1.68 

5 

1 

Reference 

0.00 

6 

8,9,16,17 

Type  IV  & V: 

ag. , no  power 

- 0.80 

7 

2,3 

Type  II 

- 1.50 

The  groupings  and  group  scores  may  change  if  the  decision  is  made  to  weight 
the  seven  factors  unequally.  For  example,  if  we  want  to  examine  impacts 
from  a specialized  point  of  view  or  if  credability  differences  are  thought 
to  exist  among  judges,  the  seven  dimensions  can  be  weighted  accordingly  ana 
the  system  scores  and/or  proximity  groupings  computed . 

Figure  EB-4  also  gives  a good  reading  of  the  extent  to  which  system 
variations  contribute  to  impact  iiff<  rences.  The  vari  it  .•  le  st  r<  sj  nsit  Le 
for  system  differences  Is  the  j 1 bl<  wal  i supply  ption.  li  .,1  ises 
where  the  option  is  applicable,  each  system  is  most  similar  in  impact  to  the 
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T*0  DIMENSIONAL  DISPLAY  OF  SYSTEM  SCORES 
RST  2 PRINCIPAL  COMPONENTS  OF  INTER  JUOGE  VARIATION 
94  6 OF  MEAN  SCORE  VECTOR 


system  that  varies  only  by  the  way  DOtable  needs  are  satisfied.  If  this 
option  is  removed  we  can  reduce  the  set  to  twelve  while  losing  only  about 
15?  of  all  differences  among  systems  in  the  seven  dimensions  of  judgment. 

We  also  observe  that  for  system  Types  IV  and  V,  the  power  option  and  sludge 
disposal  option  are  more  responsible  for  system  differences  than  treatment 
type.  For  example.  Type  IV  with  agricultural  sludge  disposal  and  no  power 
is  more  like  Type  V under  the  same  option  than  it  is  like  Type  TV  with 
land  reclamation  or  power.  Type  IV  systems  with  power  are  more  similar  in 
impact  to  Type  III  systems  than  to  any  other,  including  Type  IV  without 
power.  Also,  all  Type  V systems  and  Type  I V systems  without  power  are  more 
similar  in  Impact  to  the  reference  system  than  to  Type  III  or  Type  TV  with 
power.  Finally,  Type  II  system  impacts  are  apparently  unique  and  not 
closely  related  to  those  of  any  of  the  other  systems,  including  the 
reference . 


DISAGREEMENT  AMONG  JUDGES  ABOUT'  SPECIFIC  SYSTEMS 

The  extent  to  which  the  judges  are  disparate  for  any  given  system  can 
be  measured  by  means  of  the  seven-dimensional  scores  in  Table  EB-5.  Each 
system  is  described  there  in  terms  of  an  impact  score  for  each  of  the  seven 
dimensions  of  judgment.  Each  score  is  in  units  of  standard  deviations  from 
the  reference  for  a given  dimension.  (The  standard  deviation  among  system 
scores  is  calculated  for  each  factor,  and  the  scores  for  the  factor  are 
divided  by  that  standard  deviation.)  If  there  is  disparity  among,  the  seven 
factors  for  a given  system,  it  will  manifest  itself  in  the  magnitude  of  the 
variance  across  factors.  For  example,  system  1 shows  no  variation  (by 
definition  all  scores  are  zero),  and  the  variance  is  zero.  By  contrast, 
system  3 fluctuates  from  -4.220  on  Factor  7 to  +3.19  on  Factor  5.  The 
variance  across  dimensions  is  5.03,  and  the  standard  deviation  is  2.24. 
Standard  deviations  thus  calculated  for  each  of  the  23  systems  are 
presented  in  Thble  EB-9.  The  systems  are  ordered  from  highest  to  least 
disagreement . Only  four  clear  facts  merge:  1)  with  regal’d  to  system 

type  (treatment  process),  Iype  II  systems  (2&3)  have  the  most  disparately 
viewed  impacts,  2)  the  systems  with  power  all  group  together  in  the  mid- 
range of  disagreement,  3)  the  most  desirable  system  overall  in  the  unbiased 
panel  estimate  (system  7)  shows  the  least  disagreement,  and  4)  there  is 
relatively  little  difference  in  disagreement  between  the  extremes . 


DESCRIPTION  OF  SPECIFIC  IMPACTS  FROM  THE  VIEWPOINT  OF 
INDIVIDUAL  JUDGES 

The  discussion  of  individual  viewpoints  thus  far  lias  been  restricted 
to  analysis  of  overall  system  scores.  For  maximum  usefulness,  the 
individual  viewpoints  should  be  examined  in  terms  of  specific  impacts 
system  elements  on  environmental  parameters  (A  matrix)  and  environmental 
parameters  on  human  activities  (B  matrix).  To  generate  ir . iependent  s 

C matrices  corresponding  to  the  independent  limensions.  identified  abov<  1. 


E B 


TABLE  EB-9 

DISAGREEMENT  AMONG  JUDGES 


VARIANCE  SYSTEM  STANDARD  SYSTEM  ELEMENTS 

RANK  NUMBER  DEVIATION  ALTERNATIVE  SLUDGE  POTABLE  POWER 
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mathematically  possible  but  not  feasible  at  this  time.  Rather,  we  present 
below  a simplified  A matrix  for  each  of  the  thirteen  judges.  An 
approximate  idea  of  the  A matrix  best  representing  a given  dimension  of 
judgment  can  be  obtained  by  examining  the  A matrix  for  the  judge  or  judges 
associated  with  that  dimension  (see  Table  E3-4  and  6). 

The  A matrices  presented  below  have  been  simplified  so  that  they 
display  only  strongly  positive  or  strongly  negative  impacts.  Anything 
■-neater  than  or  equal  to  +2  is  indicated  as  (+)  while  everything  less  than 
or  equal  to  -2  appears  as  (-).  Everything  else  has  been  left  blank.  The 
purpose  is  to  display  only  the  strongly  positive  or  negative  judgments  so 
that  the  reader  can  e-et  an  approximate  idea  about  the  major  differences 
among  judges  regarding  specific  A matrix  impacts. 


EXPLANATION  OF  SPECIFIC  IMPACTS 

Hie  designer  and  decision  maker  need  to  know  what  impacts  will  result 
from  their  alternative  systems.  We  have  tried  to  present  a complete 
statement  of  the  panelists'  judgments  in  this  regard,  first  in  an  aggre- 
gate way,  and,  second  from  disparate  points  of  view.  More  useful,  however, 
would  be  an  explanation  of  why  it  is  believed  that  the  reported  impacts 
will  ocj'ir,  i.e.,  what  are  the  specific  processes  by  which  each  system 
■-dement  produces  it  reported  impacts. 

In  general  no  one  person  is  capable  of  explaining  the  aggregate  view, 
because  it  is  a multidisciplinary  phenomenon,  and  no  one  is  able  to 
encompass  all  facets.  We  do  have,  however,  the  verbalized  comments  of  the 
judges  as  stimulated  by  their  efforts  to  make  A-matrix  and  B-matrix 
judgments . 
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